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Disability Retirement of Government Employees 


CREIGHTON L. LYTLE, M.D., and CAPT. CHRISTOPHER C. SHAW (MC), USN, Philadelphia 


Introduction 


Evaluation of disability retirement is a 
difficult but necessary function of Industrial 
Medicine. We have found this to be true at 
the Philadelphia Naval Shipyard, where 
some 250 applications for disability retire- 
ment are reviewed annually. Some of the 
factors responsible for this difficulty are 
readily apparent; others are not so obvious, 
and still others may be classified as “hidden 
factors.” It is the purpose of this paper to 
outline our experience at the Philadelphia 
Naval Base, stressing the importance of 
evaluation of the whole man and highlight- 
ing those hidden factors of “personal gain” 
that engender difficult decisions relative to 
retirement for physical or psychological 
disability. Since our impressions are based 
on four years’ experience in the evaluation 
of 1,000 “disabled” applicants for retire- 
ment at a Government activity, it would 
seem appropriate to discuss briefly certain 
aspects of the retirement policy and_pro- 
gram of the United States Civil Service 
Commission. 


Government Retirement 
The original Civil Service Retirement 
Law was approved in 1920 and became ef- 


Accepted for publication July 14, 1959. 

Head, Industrial Medicine Division, Medical De- 
partment, Philadelphia Naval Shipyard (Dr. Lytle), 
and Senior Medical Officer, Philadelphia Naval 
Shipyard (Capt. Shaw). 

The opinions or assertions contained herein are 
the private ones of the writers, and are not to be 
construed as official or reflecting the views of the 
Navy Department or the Naval Service at large. 


fective Aug. 1 of that year. The 84th Con- 
gress on July 31, 1956 by means of Public 
Law 854 revised the Retirement Act to the 
current “Civil Service Retirement Act” ef- 
fective Oct. 1, 1956. There are six kinds 
of retirement provided for in this Public 
Law. They are known as “age, optional, 
disability, 25-year discontinued-service, 20- 
year discontinued-service, and deferred re- 
tirement.” For our purposes, based on 
practical experience, we shall discuss only 
two: optional and disability retirement. 

An employee is eligible for optional re- 
tirement, without physical examination, 
upon meeting certain minimum combinations 
of age and service: (a) age 62 with 5 years 
of service, (b) age 60 with 30 years of 
service, and (c) between ages 55 and 60 
with 30 years of service, but on a reduced 
annuity. 

Disability retirement can be considered 
after five years of government service. An 
employee is classified as totally disabled if 
he is unable to perform useful and efficient 
work in his job position. Total disability 
may be claimed on mental or physical 
grounds. 

The employee who qualifies without phys- 
ical examination for optional retirement by 
virtue of age and years of service, as indi- 
cated above, is ineligible to apply for retire- 
ment disability; however, if he considers 
himself “physically disabled,” he can apply 
for “optional retirement for physical rea- 
sons” and request a medical survey. This 
latter procedure has distinct advantages 
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Retirement Eligibility 


After 5 Yr. or More 
of Government Service 
(No Age Req.) 


Benefits—So-Called ‘Hidden Factors” 
in Favor of ‘‘Disability Retirement” 
(Not available on an optional basis 
for ‘Age & Service” which is res- 
tricted to Retirement 
Annuity only) 


Accrued sick leave 

Retention of group life 
insurance cost free 

V.A. disability benefits, in 
case of veterans 

Social security benefits, 50-65 
yr. of age 

Unemployment compensation 

benefits 


Disability Retirement 


Retirement Annuity 


Age 62-5 Yr. Service 
Age 60-30 Yr. Service 
Age 55-60-30 Yr. Service 
(Reduced Annuity) 


Optional Retirement 


Retirement Annuity 


Physical Age & 
Reasons * Service t 


x 


from a monetary standpoint over straight 
optional retirement as indicated in the Table 
of Retirement Eligibility. 


Procedure 


Since various retirement policies vary in 
their provisions and requirements, a flexible 
method of evaluation must follow. Assum- 
ing that the applicant has met the necessary 
administrative requirements, the Industrial 
Medical Department should ascertain wheth- 
er disability exists and if this disability is 
total for useful and efficient service in his 
job position. The procedure is approxi- 
mately as given below: 

a. Employee initiates application for re- 
tirement. 

b. Industrial Relations Division author- 
izes examination. 

c. Production Department prepares rec- 
ord of work-performance. 

d. Employee obtains medical report from 
family physician. 

e. Thorough physical, mental, and labora- 
tory examinations conducted by Medical 
Department. 

f. Consultation obtained in various spe- 
cialties, as indicated. 

g. Entire portfolio reviewed by Indus- 
trial Medicine Division. 
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* Physical examination required, disability based on Medical Survey. 
+ No physical examination required, retirement by virtue of age and service (no disability claimed). 


h. Recommendation for or against retire- 
ment based on careful consideration of basic 
data and contributing factors. 


i. Senior Medical Officer may approve, 
modify, or disapprove each recommendation. 

j. Final decision by the Bureau of Em- 
ployees Compensation, Department of La- 
bor, Washington, D.C. 

A work performance record may be very 
enlightening. We have often seen an em- 
ployee claim total disability in the presence 
of excellent and sustained production, a 
record that reveals little or no sick-leave 
absenteeism, no complaints registered by 
the employee concerning a physical impair- 
ment, and no job assignment ever refused 
for physical reasons. This is considered to 
be of such importance that no disability de- 
cision is made without a complete synopsis 
of his official work-performance. 

A few years ago the Industrial Medical 
Association’s Committee on Geriatrics and 
Retirement agreed that for a sound retire- 
ment policy, each employee should have a 
case history in the medical files starting 
with the preemployment examination, in- 
cluding a chronological account of illnesses 
and any evidence of a chronic condition of 
significance. The paramount importance of 
a complete medical record is obvious, espe- 
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cially so when the decision re retirement is 
difficult. Often only the medical record can 
supply the missing link in the chain of 
clinical evidence. 

Physicians who have had experience in 
disability evaluations are well aware of the 
multitude of problems encountered in ar- 
riving at a decision as to whether or not 
total disability exists. We feel that some 
of these problems need to be stressed and 
that others not so readily apparent are wor- 
thy of definition. 


Definitions 


Probably the biggest problem is just what 
constitutes “total disability.” Webster’s dic- 
tionary defines disability as “want of com- 
petent, natural or bodily power, strength or 
ability.” The Old Age Survivor’s Insurance 
concept of disability for purposes of Social 
Security is “inability to engage in any sub- 
stantially gainful activity by reason of any 
medically determinable physical or mental 
impairment which can be expected to result 
in death or to be of long-continued and in- 
definite duration.” The United States Civil 
Service Commission defines total disability 
as “the inability of the employee because 
of disease or injury to satisfactorily and 
efficiently perform his duties or the duties 
of a similar position to which he can be 
assigned.” 

Looking at the Old Age Survivor’s In- 
surance definition a little more closely, it is 
apparent that there are several factors in- 
volved. As the Chief Medical Consultant, 
Division of Disability Operations, Social 
Security Administration, has pointed out, 
the impairment, as stated in the concept, 
must be one that can be objectively deter- 
mined and it must be the primary cause 
of the person’s inability to work. This re- 
fers to any work, not just the kind of ac- 
tivity the employee has been doing to earn 
his livelihood. Furthermore, in order to 
qualify for disability benefits, the physical 
or mental impairment must be expected to 
continue for an indefinite duration—that is, 
the disability must be “total and perma- 
nent.” 
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The Civil Service Commission concept of 
disability is in direct disagreement on sev- 
eral points. In accordance with this defini- 
tion, if an employee cannot perform the 
full duties of his rate or a similar rate to 
which he can be assigned, he qualifies for 
retirement disability. It need not be shown 
that he is disqualified for all kinds of work. 
The impairment does not have to be objec- 
tive in nature; it can be subjective in type. 

For instance, is an employee disabled if 
he cannot perform his usual job assignment 
but can do light work within his physical 
restrictions? If so, should he be “retired” 
if limited duties are not available? In the 
light of disability as defined by the Civil 
Service Commission, such a worker would 
qualify for retirement. According to the 
Old Age Survivor’s Insurance concept, he 
would not be eligible for retirement benefits. 
Time and again, we have seen employees 
who fit into this latter category and are 
certainly not totally disabled. They may 
have partial disability but are physically fit 
to perform any number of job assignments 
in light duty categories, if available. How- 
ever, because of unavailability of light-type 
work, they qualify for disability retirement 
from the Government service within the 
framework of the law and may be so re- 
tired. Partially disabled workers who have 
Social Security coverage naturally apply 
for benefits under the Old Age Survivor’s 
Insurance Act only to find to their chagrin 
and discouragement that they are not con- 
sidered totally disabled by this agency and, 
therefore, that their partial physical dis- 
ability is not compensable. Thus, it can be 
seen readily that a problem exists that has 
far-reaching effects in analyzing, interpret- 
ing, and deciding disability issues. 


Subjective Disability 
The evaluation of subjective disability is 
a topic in itself. “Subjective” is defined as 
“experienced by the individual himself and 
not amenable to physical evaluation” 
(Gould’s Medical Dictionary). Some phy- 
sicians for want of a better solution in 
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evaluating subjective symptoms report a 
long list of real and not-so-real imaginary 
complaints as noted by the employee. All 
too frequently reviewing agencies, in the 
absence of objective findings, are forced to 
arrive at a disability decision based on a 
long list of symptoms. This task can and 
should be made simpler by the utilization 
of descriptive grade words by the examin- 
ing physician, such as minimal, moderate, or 
severe, in describing subjective complaints, 
clarified by an opinion as to their validity 
based on medical probabilities. As stated 
previously, information supplied by the pri- 
vate physician, the work performance rec- 
ord, and a review of the medical jacket can 
help immeasurably in a fair appraisal of 
subjective complaints in the absence of 
definitive, quantitative, objective findings. 
Of course, the malingerers and psychoso- 
matic exaggerators always pose problems as 
to the validity of their “symptoms.” In 
cases of reasonable doubt, the opinion of 
a consulting psychiatrist should be requested. 
Uncontrolled emotional instability in either 
a laborer or an executive may eventually 
lead to psychogenic overlay bordering on 
psychoneurosis. We are among those who 
feel that severe subjective disability alone 
may constitute total disability as far as 
productivity is concerned. We believe that 
the importance of the subjective aspects of 
disability to industry should be given more 
thorough consideration and _ continuing 
study. 

This aspect of disability retirement is 
carefully analyzed in an article entitled “The 
Evaluation of Subjective Disability,” by 
J. L. Barrett, M.D., which appeared in the 
September, 1956, issue of Industrial Medi- 
cine and Surgery. The author stresses one 
fact which is not universally understood— 
the importance of inspiring confidence in 
the employee on the part of the industrial 
physician, particularly in dealing with sub- 
jective complaints. The employee all too 
frequently takes the attitude that the occu- 
pational physician is a “company man” and 
does not have the worker’s welfare at heart. 
A defense mechanism against this impres- 
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sion may consist of a falsification or ex- 
aggeration of complaints by the employee. 
This creates a situation which “clouds” 
evaluation of the employee and his applica- 
tion. Physicians who are not psychologi- 
cally suited for this aspect of industrial 
medicine, who lack the ability to inspire 
confidence in the employee, will find it diffi- 
cult to adjudicate subjective complaints. 

All of these factors, the concept of total 
disability itself, the subjective disability 
aspect, and the unavailability of limited 
duties for the partially disabled, deserve to 
be recognized as fundamental problems in 
the evaluation of “retirement for disability” 
among Government employees. 


Hidden Factors 


At the beginning of this paper reference 
was made to some hidden psychological fac- 
tors that contribute to the over-all problem. 
These factors are not problems of examina- 
tion or decision but are rather psychological 
stimulants influencing the employee to ap- 
ply for retirement. Thus, the worker may 
present himself for consideration in the 
absence of true disability. The whole pic- 
ture may be clouded (or shrouded) with 
certain ulterior motives, or any combination 
of such items as (1) Veterans Administration 
disability benefits; (2) unemployment com- 
pensation; (3) social security; (4) reten- 
tion, without cost, of Federal Employees 
Group Life Insurance; (5) payment of 
accrued sick leave—all the above benefits in 
addition to retirement annuity. 

These factors undoubtedly influence the 
decision of the employee, particularly in the 
fifth decade, whether to continue working 
or “try” for retirement disability. The de- 
cision for the worker is not too difficult 
because, in many cases, it is entirely 
possible for the employee to acquire an 
adequate monthly retirement “salary,” 
based on accrual of all the added benefits 
listed above and categorized in the Table. 
Small wonder that, in our experience at 
Philadelphia, 60% of applications for re- 
tirement fall in the category of “Physical 
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Disability” and only 40% request optional 
retirement for “Age and Service.” 

If he is a veteran, a Government em- 
ployee who has been declared totally dis- 
abled and recommended for retirement can 
apply for disability benefits from the Vet- 
erans Administration. If he is already re- 
ceiving same, he may be awarded additional 
“compensation” or his percentage of dis- 
ability may be increased by the Government. 
This serves as a strong inducement to apply 
either for retirement disability or for op- 
tional retirement “for physical reasons” 
rather than withdraw voluntarily on the 
basis of age and service. 


Comment 


Unemployment compensation and Social 
Security benefits almost beckon the Govern- 
ment employee to retire early and “live hap- 
pily ever after.” Such attractions have 
already assumed, perhaps subconsciously, 
the stature of strong motivating factors for 
premature retirement. In the near future 
they may become well-nigh irresistible, since 
the trend appears to be toward a lower 
disability-retirement age requirement and an 
increase in disability payment rates. Even- 
tually, the wheels of industry (Government 
and/or private enterprise) may grind al- 
most to a halt because of the prohibitive 
price of physical disability retirement com- 
bined with the benefits of social security 
multiplied by the skyrocketing costs of labor. 
In truth, industry is being driven to auto- 
mation because the labor market is rapidly 
pricing itself “out of this world.” 

There are those who view with alarm the 
handwriting on the wall. Our system of 
social security may already have reached 
the point of diminishing returns, as sug- 
gested in this study. In the long run, it will 
probably be easier (and less expensive) to 
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change the law rather than attempt to 
change human motivation. 


Summary 


Retirement disability evaluation problems 
are discussed as encountered at a U.S. 
Naval Shipyard. We have outlined our 
method of evaluation of the employee; we 
have discussed the hidden factors underly- 
ing motivation of the worker to apply for 
retirement; we have stressed the importance 
of his work-performance in the shop and 
his clinical record in the Medical Dispen- 
sary; we have considered the relative 
importance of subjective findings, their in- 
terpretation, and classification. 

In the light of this four-year experience 
based on some 1,000 examinations, we are 
of the opinion that evaluation of disability 
“claims” can be a very difficult clinical 
procedure, if decisions rendered are to be 
fair and just to both the employee and the 
Government. Interpretation of subjective 
symptoms in relation to objective findings 
will probably be even more difficult in the 
future as age requirements are lowered, 
disability payments are raised, and retire- 
ment benefits become more attractive. This 
problem assumes great magnitude. when. it 
is realized that more than 2,000,000 civilian 
workers azé employed by the United States 
Government. As of last year the annual 
cost of the retirement program * was great- 
er than $519,000,000, of which some $93,- 
000,000 was paid out for “disability,” not 
necessarily occupational in origin. 

Industrial Medicine Division, Medical Depart- 
ment, Philadelphia Naval Shipyard (12). 


*The Thirty-Seventh Annual Report of the 
Board of Actuaries of the Civil Service Retire- 
ment System for the Fiscal Year ended June 30, 
1957, United States Government Printing Office 
(34,011), Washington, D.C., Jan. 9, 1959. 
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The Aliphatic Acids and Their Esters: Toxicity and 
Potential Dangers 


Relation Between the Physical-Chemical Properties and the Pharmacological 
Effects of Saturated, Monobasic Aliphatic Acids 


W. F. von OETTINGEN, M.D., Ph.D., Bethesda, Md. 


The physical-chemical properties of the 
saturated, monobasic aliphatic acids dis- 
cussed in the preceding sections are sum- 
marized in Table 1. It shows that the 
homologues from formic acid to oenanthylic 
acid (heptanoic acid) are liquids, and the 
higher ones from n-caprylic acid (octanoic 
acid) to eicosanoic acid (arachidic acid) 
and mellisic acid are solids. 

As may be seen from this Table, the 
Specific gravity decreases with increasing 
molecular weight, and with the isomeric 
acids it is lower than with the normal acids 
(n- and i-butyric acid, n- and i-valeric acid, 
and m- and i-caproic acid). The available 
data do not indicate whether or not this 
also holds true for the higher homologues. 

The melting point of these compounds 
shows a peculiar behavior. Whereas with 
the lowest members of this series it is above 
zero, and is higher for acetic acid than for 
formic acid; with the higher homologues it 
is below zero, and decreases from propionic 
to oenanthylic acid and then increases again 
from caprylic to mellisic acid. 

The boiling point, on the other hand, 
shows a steady increase from formic to 
arachidic acid with increasing molecular 
weight. 

The solubility in water decreases with the 
molecular weight, and the same trend, al- 
though less marked, exists also in their 


Received for publication June 15, 1959. 
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solubility in alcohol; whereas the solubility 
in ether is much less affected by the molec- 
ular weight. 

The surface tension of the acids decreases 
with the molecular weight, as shown by 
Duclaux (1878), Dubrisay (1924), and 
Lascaray (1924). The latter gave a de- 
tailed discussion of the various factors in- 
volved in this reaction, and he pointed out 
that, with the sodium salts of valeric acid, 
and more so with those of the higher hom- 
ologues, colloidal phenomena play an in- 
creasing role. 

The ionization constant at 25 C as re- 
ported by Lange (1956), as far as deter- 
mined, is much greater with formic acid 
than with the higher homologues, and ac- 
cording to Harvey (1914) the partion co- 
efficient in xylene over water increases with 
the molecular weight from formic to caproic 
acid. 

The viscosity increases with the molecu- 
lar weight, except in the case of formic 
acid, with which it is greater than that of 
acetic acid; and the viscosity of the latter 
surpasses that of propionic acid. The rela- 
tive increase between the higher homologues 
increases with the number of carbons. It 
amounts: between propionic and butyric 
acid to +43, between butyric and n-valeric 
acid to +4.9, between n-valeric and capro- 
ic acid to +11.65, between caproic and hep- 
tanoic acid to +11.55, between heptanoic 
and octanoic acid to +13.93, between oc- 
tanoic and nonanoic acid to +25.70. 

The dielectric constant is greatest with 
formic acid, much lower with acetic acid, 


| 
24 
#2 
4 
dia 
2 


and decreases gradually with increasing mo- 
lecular weight; that of the iso-acids being 
slightly lower than that of the normal com- 
pounds. 

The solubility of the calcium salts of these 
acids in water of 20 C is less for calcium 
formate than that for calcium acetate and 
propionate; but with the higher homologues 
it decreases from calcium butyrate to cal- 
cium nonanoate, the solubility of the calci- 
um salts of the iso-acids, i-butyric acid and 
i-valeric acid, being greater than that of the 
normal acids. 

The effect of saturated, monobasic fatty 
acids on the activity of enzymes was studied 
by Bertrand (1907), Rosenblatt and Rozen- 
band (1910), and Kopaczewski (1914) as 
illustrated in Table 2, which shows that the 
various enzymes studied vary in regard to 
their sensitivity towards acids, and that 
acids of low molecular weight are generally 
more effective in inhibiting the enzymes 
than the higher homologues. It appears that 
both the pH and the molecular structure 
are involved in this inhibitory effect. 

The penetration of acids into living cells 
has aroused much interest, as illustrated by 
the studies of Harvey (1914 a and 5) with 
a holothurian, Stichopus ananus (prickly 
fish), which contains in certain cells a red 
pigment which fades in acid medium; by 
the experiments of Crozier (1916) with the 
cells of Chromodoris zebra Heilprin, which 
contains a blue pigment which is decolor- 
ized to a pink color by acids at pH 5.6, 
and by Gompel (1925) with the cells of 
Ulva lactuca, the green color (chlorophyl) 
of which is changed to yellow-brown pheo- 
phytine at pH 4.4 and less. The results of 
these studies are summarized in Table 3, 
which shows that it requires much lower 
concentrations of formic than of acetic acid 
to produce a color change in Stichopus 
ananus. With the higher homologues the 
efficacy increases with the molecular weight 
from acetic to caproic acid. The experi- 
ments of Crozier (1916), who measured 
the time required by different concentra- 
tions of the various acids to produce a 
change of color, show that this increases 
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with the molecular weight, except for acetic 
acid, which is slower to penetrate than the 
higher homologues; and that the time re- 
quired to produce fading in Chromodoris 
zebra increases with the dilution of the acid. 
Similarly Gompel (1925) determined the 
speed of penetration of the various acids 
into the cells of Ulva lactuca, but at differ- 
ent pH. Whereas at pH 1.8 and 1.2 there 
is practically no difference between the 
various acids, it takes more time at pH 
2.0 to 3.0 for formic acid than for acetic 
and propionic acid, whereas with butyric 
acid it takes more time than with the two 
lower homologues. 

As to the physical-chemical . character- 
istics of the various acids involved in their 
penetration into the cells, Figure 1 shows 
the relation between certain of these and 
their penetrating action as established by 
Harvey (1914 a). It is evident from this 
Figure that various factors are involved 
with different acids. The great efficacy of 
formic acid is probably due to its high 
degree of dissociation (which is about ten 
times greater than that of acetic acid), the 
low solubility of its calcium salt, and in 
part it may also be due to its dual character 
as acid and aldehyde. The much lower 
effectiveness of acetic acid is paralleled by 
a much smaller ionization and a greater 
solubility of its calcium salt. With propionic 
acid, which is only slightly more active than 
acetic acid, the calcium salt is also some- 
what more soluble. The partition coefficient 
may play a role; with butyric, vateric, and 
caproic acid this appears definitely to be 
the determining factor, together with the 
decreased solubility of their calcium salts 
in water which affects the permeability of 
the cell membranes. 

The bacteriostatic and bactericidal action 
of acids has been utilized since ancient time 
for the preservation of food. Numerous 
investigators have dealt with this subject, 
such as Paul and Kronig (1896); Kronig 
and Paul (1897); Stanley, Jay, and Adams 
(1929), Stanley, Coleman, Greer, Sachs, 
and Adams (1932), Stanley and Adams 
(1932), Reid (1932), lijima (1935), Tet- 
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Taste 2—Effect of Saturated, Monobasic, Fatty Acids on Enzymes 


Invertase 
Complete 


Inhibition 


Complete 
Inhibition 


Maltase 


Peroxidase 
Complete 
Inhibition 


Laccase 
Complete 


Inhibition 


Max. 


Ineffective 
Concentration 


Inhibition of Yeast Fermentation 


Complete Inhibition 


Ratio Ratio Ratio 


HC1-100 


Ratio 


Ratio 


HC1-100 


Mol/L. 


Acid 


HC1-100 


HCi-100 Mol/L. 


Mol/L. 


Mol/L. 


HCI-100 


Mol/L. 


Mol/L. 


Mol/L. 


>>100 


>>0.001 


o. 


* Rosenblatt & Rozenband (1910). 


+ Kopaczewski (1914). 
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sumoto (1937), Bach (1939), Cowles 
(1941), Weitzel (1950), and Weitzel and 
Schraufstatter (1950). 

Reid (1932) determined in vitro the bac- 
tericidal action of acetic, propionic, butyric, 
and valeric acid for various organisms. His 
data show that these differ in their sensi- 
tivity; and that the bactericidal action in- 
creases with the molecular weight, the 
partition coefficient of the acids, to a certain 
extent with the decrease of their surface 
tension, and the reduced solubility of their 
calcium salts, as illustrated in Figure 2. 

lijima (1935) studied the bacteriostatic 
and bactericidal action of a great number 
of aliphatic acids and their salts against 
acid-fast bacilli, as illustrated in Table 4, 
which shows that the sodium salts are much 
less effective than the free acids, and that 
the efficacy of the latter increases with the 
molecular weight from formic to capric 
acid, whereas lauric acid is somewhat less 
effective than capric acid. Similar results 
with tubercle bacilli were reported by Weit- 
zel (1950), who found the maximum effi- 
cacy with undecanoic acid, and who, like 
lijima (1935), found the higher homo- 
logues increasingly less effective. Stanley, 
Coleman, Greer, Sachs, and Adams (1932) 
studied the sodium salts of a great number 
of aliphatic acids with regard to their effect 
on Myobacterium leprae. They synthesized 
and studied 18 isomers of stearic acid, and 
found that only three of these (ethylpenta- 
decyl, octyl-nonyl, and nonyl-octylcarboxyl- 
ic acid) showed bactericidal action in 
dilutions of about 1:100,000, and one, pro- 
pyl-tetradecyl carboxylic acid, was. still 
effective in a dilution of 1:192,000. In 
addition, a series of isomeric acids contain- 
ing 12 to 19 carbons was synthesized and 
tested. It was found that the sodium salts 
of dodecanoic and tridecanoic acids are 
practically nonbactericidal. The efficacy in- 
creases with pentadecanoic acids, reaches its 
maximum with hexadecanoic acids, and de- 
creases with the higher homologues, so that 
with nonadecanoic acid essentially no bac- 
tericidal action is present. In the hexadeca- 
noic acid group, there was a_ striking 
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TABLE 3.—Penetration of Saturated, Monobasic, Fatty Acids into Cellular Structures 


Color Change t 


Color Change of Chromodoris Zebra { Heilprin; Penetration Time in Minutes 


of Strychopus of Normal Solutions of the Following Strength: 
Ananus by 
Acid Normal Solutions 0.1 0.01 0.006 0.005 


Formic 0.003125 1.75 4.5 9.2 13.0 
Acetic 0.05 11.9 75.0 


Propionic 0.025 7.1 30.0 55.0 — 
n-Butyric 0.0125 7.6 19.0 30.0 50.0 
i-Valeric 1.9 6.0 12.0 


Mean Time of Color Change in Cells of Ulva § Lactuca by Acid Solution of Different pH 


Acid 


pH 5.4 44 3.0 2.8 24 2.0 18 1.2 


Formic 1/35" 
Acetic none 60’ 738” 52” 39” 20” 12” a” 
Propionic none > 60’ 50” 40" 8” 6” 3” 
n-Butyric none > 60’ 1/15” 40’’ 20” * 15’ 10” 


* pH 2.2. 

t Harvey, 1914. 
t Crozier, 1916. 
§ Gompel, 1925. 
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Fig. 1—Penetration of acids into the cells of Fig. 2—Bactericidal action of fatty acids for 
Stichopus zebra Heilprin in relation to some of various organisms in relation to some of their 
their physical-chemical properties. (Harvey, 1914a) _ physical-chemical properties. (Reid, 1932) 
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Taste 4.—Bacteriostatic and Bactericidal Action of Saturated, Monobasic, Fatty Acids * 


Bacteriostatic Action Minimal Effective Bactericidal Action Minimal Effective 
Concentration in Mol/L. Concentration in Mol/L. 


Hum. Bov. Bird Koch Lepra Bov. Bird Koch Lepra 
Acid Tb. Tb. Tb. Tb. Tb. B. 


Formic acid 0.0109 0.0109 i 0217 . 0.0434 0.0434 0.0434 
Sodium formate 0.147 0.147 
Acetic acid 0.0167 0.0167 
Sodium acetate 0.244 0.244 
Propionic acid 0.00675 0.00675 
Sodium propionate 0.2082 0.2082 
‘n-Butyric acid 0.0114 0.0114 
n-Butyrate 

sodium 0.3633 
i-Butyric acid 0.0114 
Sodium 

i-butyrate 0.1817 
Caproic acid 0.00430 
Sodium caproate 0.0724 
Caprylic acid 0.00173 
Sodium caprylate 0.0241 
Capric acid 0.00058 
Sodium caprate 0.0103 
Lauric acid 0.00125 
Sodium laurate 0.01800 
Sodium myristate 0.0399 
Sodium palmitate 0.0718 
Sodium stearate 0.0653 


* Tijima, 1935, 


5.—Bacteriostatic Concentrations of Aliphatic Acids in 1,000 Times the 
Minimal 100% Effective Concentration * 


Mycobacterium Tubercul. 
Human Type Trycho- Tora- 

- Bov. Semgmo Staph. phyton lopsi 

Acid H37ru Ss Type Bac. Bac. gyps. min. 


Hexanoic <10 <10 
Heptanoic 10 <10 
Octanoic 30 <10 
2-Methyloctanoic - 
Nonanoic 
2-Methylnonanoic 30 
Decanoic 120 
2-Methyldecanoic 120 
3-Methyldecanoic 
Dodecanoic 160 
2-Methyldodecanoic 160 
3-Methyldodecanoic 160 
4-Methyldodecanoic 160 
3,7,11-Trimethy}- 

decanoic 160 
Tetradecanoic 240 
2-Methyltetradecanoic 160 
3-Methyltetradecanoie 
Palmitie 80 
4-Methylpalmitic 80 
3,7,11,15-Tetrameth- 

ylpalmitic 
Stearic 
2-Methylstearic 
3-Methylstearic 
4-Methylstearic 
6-Methylstearic 
2,3-Dimethylstearic 
2,4-Dimethylstearic 


* Weitzel & Schraufstatter, 1950. 


| 
0.0217 
- 
0.333 
0.0540 
0.1135 
0.2270 
Ve 
0.00860 
0.00347 
0.00145 
= 
20 20 
20 10 
40 30 
40 30 
40 10 
80 30 
ae 40 10 
a 160 20 
160 <0 
160 <10 
160 <10 
40 <10 
15 40 <10 
20 <10 
<10 <10 
<10 <10 
| <10 <10 
| <10 <10 
| <10 <10 
<10 <10 
| | <10 <10 
<10 <10 
<10 <10 
<10 <10 


difference in the efficacy of those acids 
with the carboxylic group on one of the 
inner carbons, and those on the end of the 
chain, the former being much less effective. 
Similarly, Weitzel and Schraufstatter 
(1950) showed that fatty acids with an 
intermediate number of around 10 carbons 
have a distinct bacteriostatic action on Myo- 
bacterium tuberculosis, and that the range 
of efficacy of acids with 8 to 14 carbons 
varies not only with different strains, but 
above all with the amount of serum added 
to the culture medium. If compared on the 
bases of molecular concentrations, the effi- 
cacy increases with the molecular weight, 
the minimum effective concentrations being: 
Hexanoic acid 5.75X10-* mol/liter 
Octanoic acid 1.74X 10-4 mol/liter 
Decanoic acid 4.85X10-° mol/liter 
Dodecanoic acid 3.13 10-5 mol/liter 
Tetradecanoic acid 1.83X10-* mol/liter 
Hexadecanoic acid 4.8810~-*° mol/liter 
Octadecanoic acid 10-5 mol/liter 

The same authors showed that introduc- 
tion of a methyl group in a branch, and its 
position in the straight chain of carboxylic 
acids, do not affect the efficacy materially, 
as illustrated in Table 5. They also showed 
that esterification of the fatty acid with 
ethanol or glycerol reduces materially the 
bacteriostatic action, the glycerol esters be- 
ing in vitro distinctly superior to the ethyl 
esters. These observations are contrary to 
the belief that for the production of marked 
bacteriostatic properties the aliphatic acids 
must contain branched side chains. 

As to the physical-chemical properties 
responsible for the efficacy of fatty acids 
as bacteriostatic bactericidal agents, 
Tetsumoto (1937), Bach (1939), and Cowles 
(1941) assumed that this is a function of 
the molecular weight, and Reid (1932) and 
Stanley and Adams (1932) that it increases 
as the surface tension of the sodium salts 
decreases. As shown in Figure 2, the effi- 
cacy increases with the partition coefficient, 
and, as pointed out by Tijima (1935), with 
decreasing solubility in water. It is difficult 
to appraise to what extent the dissociation 


of the acids is involved on the basis of avail- 
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able information, but in the case of formic 
acid this may be the determining factor. 
Since calcium is one of the most essen- 
tial elements for bacterial growth, being 
vital for the maintenance of a proper col- 
loidal state, osmotic pressure, and the acid- 
base balance, or it functions as part of 
anzymes or as activator of enzymatic reac- 
tions (Zinsser), it is obvious that forma- 
tion of insoluble or less ionized calcium salts 
by acids may play an important role in 
their bacteriostatic and bactericidal action. 
As illustrated in Table 1, the solubility of 
the calcium salts of the various fatty acids 
decreases with their molecular weight, those 
of the isoacids being more soluble than 
those of the straight chain ones, which par- 
allels their smaller bactericidal efficacy. 
As to the physiological functions of bac- 
teria which are affected by acids, Franke 
and Schillinger (1944) showed that acids 
with 10 to 14 carbon atoms inhibit the re- 
spiratory functions of acid-fast bacteria, 
which agrees with the findings of Wagner- 
Jauregg and Kuster (1944) that the sodium 
salts of nonanoic, capric, and undecylic 
acid cause in dilutions of 1:5,000 nearly a 
complete inhibition of the development of 
tubercle bacilli. Weitzel (1950) assumed 
that the efficacy of fatty acids as bacterio- 
static agents is related to their effect on the 
bacterial lipoid metabolism, because only 
bacteria with an extensive fat metabolism 
are susceptible to fatty acids. He pointed 
out that fats used in the dietary treatment 
of tuberculosis, such as butterfat and sea- 
turtle oil, consist essentially of esters of 
aliphatic acids with intermediate carbon 
chains. In this connection, it is interesting 
that Wilkinson (1949) found that acid 
hydrolysis of Polymyxin D yields d-6-meth- 
yldecan-l-oic acid, one of the acids which 
showed in vitro a considerable bacteriostatic 
action for Myobacterium tuberculosis. Al- 
though it has been stated above that in vitro 
the ethyl and glyceryl esters of fatty acids 
are less effective than the free acids, Weit- 
zel (1950) assumed that in vivo the glycer- 
ides and phosphatides are more effective, 
because they pass more readily through the 
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intestinal walls, and are carried to all tissues 
in the form of neutral substances. He 
thought that because of their lipophilic 
character they have a better chance to reach 
the tuberculous processes than water-solu- 
ble, readily excreted drugs, or difficultly 
soluble preparations. In addition he found 
that the bacteriostatic action of esters of 
fatty acids is much less affected by proteins 
(serum) than the free acids. He assumed 
further that the esters are hydrolyzed at 
the site of their action, and that their effi- 
cacy would therefore depend also in part on 
the rate of their hydrolysis. 

With regard to the bacteriostatic action 
of fatty acids in vivo Négre, Berthelot, and 
Bretey (1936) showed that in guinea pigs 
tuberculous processes may be delayed and 
attenuated by medication with ethyl-stearate. 
They found the ethyl esters of arachidic, 
palmitic, myristic, and capric acid also ef- 
fective; whereas ethyl-caprylate and ethyl 
capronate had no effect on the infection. 
Katsura and associates (1948) reported 
that, in an appreciable number of patients 
with advanced tuberculosis, the administra- 
tion of 1-rhodenic, i-rhodenic, i-dihydro- 
rhodenic, dicitronellic, geranic, dihydro- 
geranic, and tetrahydrogeranic acid resulted 
in disappearance of tubercle bacilli from 
the sputum, regression of exudative lesions, 
sometimes in the disappearance of cavities, 
and in a decrease of the sedimentation rate. 

The fungistatic and fungicidal properties 
of fatty acids have been studied repeatedly, 
and this subject has been reviewed by 
Kiesel (1913), Wyss, Ludwig, and Joiner 
(1945), and Weitzel (1950). 

Kiesel studied the effects of aliphatic 
acids on Aspergillus niger with regard to 
inhibition of germination, mycelium forma- 
tion, and formation of gonidia. He found 
that the efficacy increases with the number 
of carbons, the isoacids being less effective 
than the normal ones, as illustrated in Fig- 
ure 3. The abnormally great effectiveness 
of formic acid may be due to its aldehyde 
character, and the weaker action of caproic 
acid when compared with that of valeric 
acid may be due to the fact that the prepa- 
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Fig. 3.—Fungistatic action of monobasic, ali- 
phatic acids for Aspergillus niger. (Kiesel, 1913) 


ration used contained small quantities of 
less effective acids. As may be seen from 
Figure 3, the fungicidal action is affiliated 
with the same physical-chemical character- 
istics as described for the bactericidal action 
of the acids. It should be pointed out that 
the calcium salts of the two isoacids are 
more soluble than those of the correspond- 
ing acids with straight carbon chains, the 
former being soluble in water of 20 C to 
the extent of 22.4 and 21.8 gm. ‘%, as com- 
pared with 18.2 and 8.8 gm. '% of the latter. 

Hoffman, Schweitzer, and Dalby (1939) 
studied the fungistatic properties for 
Aspergillus niger, Aspergillus  glaucus, 
Rhizopus nigricans, Penicillium frequen- 
tans, and other fungi, and determined the 
minimum effective concentration of each 
acid, and the pH values necessary to inhibit 
the growth of the mold. They found that, 
of the saturated fatty acids with 1 to 9 
carbons, formic acid is more potent at pH 
2 and pH 3 than acetic acid, possibly be- 
cause of its marked reducing action. On 
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TOXICITY OF ALIPHATIC ACIDS AND ESTERS 


TABLE 6.—Minimal Fungistatic Concentrations of Monobasic, Saturated, Fatty Acids 
for Trychophyton Gypseum (Pellicle Method)* 


Acid 


Formic 

Acetic 

Propionic 

Butyric 
2-Methylpropanoic 
Valeric 
8-Methylbutyric 
Methyl-ethylacetic 
Caproic 

Oenanthic 
Caprylic 
Pelargonic 

Capric 


Concentration Required to 
Prevent Growth 


% Mol/L. 


0.03 
0.03 
0.03 


0.07 
0.003 
0.03 
0.03 
0.009 
0.007 
0.03 
0.009 
0.009 


* Peck & Rosenfeld, 1938. 


the other hand, at a pH above 3, acetic acid 
was found more potent than formic acid. 
These studies show that the potency of 
various acids varies to a different degree 
with different pH, perhaps because of vari- 
ations in the susceptibility of the fungi at 
different hydrogen concentrations. 

Peck and Rosenfeld (1938), and Peck, 
Rosenfeld, Leifer, and Bierman (1939) 
studied the fungistatic action of acids with 
Trychophyton gypseum, as illustrated in 
Table 6. They found that formic acid is 
less potent than acetic acid, and that the 
fungicidal action increases with the molec- 
ular weight, except with caprylic acid, 


which is less active than heptanoic acid. 
With the: possible exception of formic 
acid, the pH was within limits which would 
not affect the growth of the organism. The 
isoacids were generally less effective than 
the normal ones, and the same holds true 
for the sodium salts, except for sodium 
propionate, which was slightly more effec- 
tive than the free acid. Experiments re- 
ported by Wyss, Ludwig, and Joiner (1945) 
(Table 7) show, however, that the various 
fungi differ in their susceptibility to acids, 
and that some of the higher homologues are 
even more potent than decanoic acid. These 
studies indicate that the fungicidal and fun- 


TasBLe 7.—Fungistatic Action of Fatty Acids for Various Fungi * 


Fungistatic Action in % Dextrose Nutrient pH 6.5 


Aspergillus Niger 


Trychophyton 
Interdigitale 


Trychophyton 
Purpurem 


Acid 


Propionic (3C t) 
Caproic (6C) 
Heptanoic (7C) 
Caprylic (8C) 
Pelargonic (9C) 
Caprice (10C) 
Hendecanoie (11C) 
Laurie (12C) 
Tridecanoic (13C) 
Myristie (14C) 
Palmitic (16C) 


Mol/L. 


0.0405 
0.0078 


0.000624 


0.000443 
0.00029 


0.000093 


* Wyss, Ludwig, & Joiner, 1945. 
+ C indicates number of carbons in the structure of the acid. 
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46.03 43 0.0065 
60.05 4.8 0.00498 
74.08 5.0 0.00405 
88.10 5.3 0.01 0.00113 Be 
88.10 4.8 0.000795 a 
102.13 5.4 0.000293 
102.13 5.1 0.00293 
102.13 5.1 0.00293 
116.16 5.5 0.00077 
130.18 5.6 0.00053 
144.21 5.5 0.0021 
158.23 5.7 0.00058 
172.26 5.7 0.00052 
4 

3 

% Mol/L. % Mol/L. % 
3.0 0.405 0.5 0.0662 0.3 
0.5 0.043 0.15 0.0128 0.09 
0.3 0.023 0.03 0.0023 0.02 0.00161 
0.15 0.0105 0.015 0.00105 0.009 
0.07 0.00442 0.01 0.00064 0.007 | 
a 0.06 0.00349 0.0075 0.00047 0.005 

0.045 0.00242 0.005 0.00026 0.003 0.00016 
>0.08 >0.00397 0.0035 0.000174 0.0015 0.000074 
>0.08 >0.00378 0.003 0.00014 0.002 
>0.08 >0.00355 0.08 0.00355 0.001 0.0000447 
>0.08 > 0.00312 0.08 >0.00312 0.08 0.00312 


A. M. 


gistatic action of aliphatic acids increases 
within limits with the length of the carbon 
chain, the optimal length being evidently 
determined by the resistance of the organ- 
isms and the solubility of the acid in the 
culture medium, as pointed out by Wyss, 
Ludwig and Joiner (1945). It is further 
apparent that the isoacids are less effective 
than the normal ones, and that, as shown 
by Peck and Rosenfeld (1938), and Hoff- 
man and associates (1939), acids with 
branched chains are generally less effective 
than those with straight chains. As to the 
comparative efficacy of acids with even and 
uneven numbers of carbons, the findings 
are not uniform. Whereas Rigler and Great- 
house (1940) found no perceptible differ- 
ence, others, like Rothman and co-workers 
(1947), claimed that the latter are more 
potent. The efficacy of aliphatic acids in- 
creases with the pH, but this varies with 
the molecular weight of the acids. In the 
case of the higher homologues, the effective- 
ness may be increased because of formation 
of emulsions, but, as shown above, this effect 
is not uniform. The studies of Rigler and 
Greathouse (1940), and of Grunberg 
(1947), indicate that the fungicidal action 
of fatty acids is due to the undissociated 
molecule rather than to the ions. This is 
in agreement with the observation that the 
salts are generally less effective than the 
free acids. 

The effect of aliphatic acids on lower 
organisms has been studied repeatedly. Loeb 
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TABLE 8.—Rejection Threshold to Aliphatic Acids of Antennectomized- 
Labellectomized Blow Flies (Phormia Regina)* 


(1909) studied their effect on the positive 
heliotropism of copepodes, and found that 
this increases from formic acid over acetic, 
propionic, butyric and valeric acid to caproic 
acid in close relation to their molecular 
weight. Koltzoff (1914) studied their effect 
on Vorticella carchesium lashmanii and be- 
lieved that this depended largely upon the 
hydrogen concentration. Collet (1919) in- 
vestigated their toxicity on Paramecium 
caudatum, Stylonichia pustulata, [Euplotes 
patella, and Vorticella nebulifera, and found 
that the order of their toxicity varied with 
the concentration, that it decreased with the 
molecular weight from formic to valeric acid, 
and that in addition the hydrogen ion con- 
centration, the various anions, the solubility 
of the acids in the tissues, their capillary 
activity, and changes of the colloidal state 
were involved in their efficacy. 

Chadwick and Dethier (1947) studied the 
rejection threshold to tarsal stimulation in 
antennectomized-labellectomized blow _ flies 
(Phormia regina) for fatty acids, as illus- 
trated in Table 8. As pointed out by these 
authors, the tarsal stimulation involves the 
summation of components from at least two 
sources. Of these the hydrogen ion concen- 
tration is the most important, the other 
being the anion rather than the undissoci- 
ated acid, which increases with the length of 
the carbon chain, although the rate of this 
increase decreases with ascending number of 
carbons. Aliphatic acids containing six or 
more carbon atoms are, however, not suffi- 


Main Effective 
Concentration 


Acid Mol/L. pHt 


Formic 0.047+0.0031 2.55 
Acetic 0.26 +0.0048 2.67 
Propionic 0.13 +0.0036 2.89 
u-Butyric 0.082+-0.0027 2.96 
i-Valeric 0.066+-0.0027 2.98 


n-Valeric 0.069-+0.0032 


* Chadwick & Dethier, 1947. 
t pH=neg. log. of calculated concentration of hydrogen ions. 
} pR—=neg. log. of calculated concentration of anions. 
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§ pHR=neg. log. of calculated concentration of undissociated acid. 


2.55 1.35 3.75 
2.67 0.59 4.74 
2.89 0.89 4.88 
2.96 1.09 4.82 
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ciently soluble in 0.1 molar sucrose solution 
to reach the threshold of rejection. 

Crozier (1916) studied the sensory acti- 
vation by acids in the earthworm, Allolo- 
phora spec., by determining the rejection 
time (RT) at various concentrations (C) 
of the different acids and calculating the 
product RTC, and found the following 
values for the latter: 


121 
300 
241 
210 
155 


Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 
i-Valeric acid 
Caproic acid 50.8 + 6.0 
Caprylic acid 748+ 0.6 
With the exception of formic acid, these 
acids follow, in general, the order of their 
capillary activity and lipoid partition over 
water. However, this does not necessarily 
imply that the surface changes as such are 
primarily implicated in this effect. Con- 
densation on the surface plays probably also 
no decisive role. With the exception of 
formic acid, the amount of each acid re- 
quired to bring about a constant degree of 
activation decreases regularly with the num- 
ber of CHe groups in the acid molecule. 


In the opinion of the author there is no 
indication that these acids, except formic 
acid, exert their stimulation because of their 
ionization. In spite of striking parallelism 
between this effect and the ability of the 
acids to penetrate the cells, this does not 
mean that they stimulate by mere penetra- 
tion, but that reactions with cell constituents, 
such as formation and dissociation of cal- 
cium salts, are fundamental for both proc- 
esses. Lamson, Stoughton, and Bass (1936) 
studied the ascaricidal action of 11 straight- 
chain aliphatic acids, ranging from acetic to 
stearic acid, but only two of these, capric 
and lauric acid, showed some activity in 
vitro, the latter being, however, ineffective 
when tested in ascaris-infected dogs. 

Effect of Aliphatic Acids and Their 
Esters on Higher Animals and Man.—These 
have been studied mostly with regard to 
their nutritional value, and to a much lesser 
degree in reference to their toxicity and 
systemic action. 

The absorption of fatty acids from the 
gastrointestinal tract was studied by Mac- 
Kay, Wick, and Barnum (1940), who fol- 
lowed the absorption of the ethyl esters of 
higher fatty acids from the gastrointestinal 


TaBL_e 9.—Absorption of Aliphatic Acids from the Gastrointestinal Trace of Rats * 


Mg. Recovered 


Mg. Absorbed 


Total in Mg. Corrected f 


Total in Mg. Per 100 Sq. Cm. t 


Acid 3 Hrs. 1 Hr. 
Acetic 
Propionic 
Butyric 
Valeric 
Caproic 
Heptanoic 
Caprylic 


Nonanoie 


S188 


Capric 


Undecanoic 


Lauric 
Tridecylic § 


81818181 


1 Hr. 3 Hrs. 1 Hr. 3 Hrs. 
26.6+1.0 
21.4+1.2 
39.741.5 
23.341.9 
38.0+1.7 
25.8+1.5 
37.541.5 

46.0+1.7 

32.841.3 
19.241.5 

-- 22.6+2.1 
21.343.4 

21.4+0.5 

2.741.2 

3.8+0.7 

20.8+3.2 


* Deuel, Hallman, and Reifman, 1941. 


+ Corrections based on average recovery given separately in paper. 


} Including standing error of mean as given in separate table. 


§Diarrhea occurred in 16/18 animals in experiments carried on for 3 hours. 
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TaBLe 10.—O-xidation Products of Ammonium Salts of Monobasic Fatty Acids from 
Oxidation with Hydrogen Peroxide * 


Dose of Yield 
Acid Acid, Gm. of CO; 


Formic 0.46 0.209 
Acetic 0.60 0.089 
Propionic 0.74 0.191 
n-Butyric 0.88 0.094 
i-Butyric 0.88 0.104 
n-Valeric 1.02 0.073 
i-Valeric 1,02 0.068 
n-Caproic 1.16 0.042 
n-Heptanolc 1.39 0.041 
Caprylic 1.44 0.055 
Nonanoic } 1.58 0.040 
Capric 1.72 0.054 
Lauric 2.00 0.034 
Myristic 2.28 0.044 
Palmitic 2.56 0.043 
Stearic 


Apparent 
% of Acid Oxidation Products 
Oxidized Other than CO; and H:O 


47.5 

20.2 Glycolic acid, formaldehyde, formic acid & 
their oxidation products. 

43.4 Acetaldehyde, acetic acid, & their oxidation 
products. 

21.4 Acetoacetic acid, acetone, propionaldehyde, 


propionic acid & their oxidation products. 

23.6 Acetone 

16.4 

15.5 
9.5 
9.3 
9.3 
9.1 

12.3 
7.8 

10.0 
9.8 


Incompletely investigated, but in most cases 
evidence obtained of formation of lower 
fatty acids derived from §-ketonic acids, 
RCOCH.COOH, by loss of CO:. 


* Dakin, 1908. 
t Oenanthic acid. 
Pelargonic acid. 


tract of rats. They found that within eight 
hours 95% of ethyl caprylate, 69% of ethyl 
caprate, 70% of ethyl laurate, and 85% 
of ethyl myristate were absorbed. Similar 
experiments by Deuel, Hallman, and Reif- 
man (1941), made in fasting rats after 
administration of 100 mg. per 100 sq. cm. 
of surface area after periods of one hour, 
and with the higher homologues after three- 
hour intervals, are tabulated in Table 9. It 
shows that the rate of absorption of fatty 
acids with an even number of carbons is 
greater than that of those with an uneven 
number, with the exception of nonoic acid, 
which occupies an intermediate position; 
and that with higher homologues the ab- 
sorption generally is slower, possibly be- 
cause they solidify in the stomach on account 
of their high melting point. 

The fate of fatty acids in the organism 
has aroused much interest, partly because of 
their role as nutrients in form of fats, 
partly because of the ketogenic action of 
some acids. Dakin (1908) studied in vitro 
the oxidation of the ammonium salts of 
fatty acids by means of hydrogen peroxide. 
The results of these studies are summa- 
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rized in Table 10, and show that formic 
acid is most readily oxidized, that acids 
with two to five carbons become more 
resistant with increasing molecular weight, 
and that those with six carbons and more 
are quite resistant towards oxidation. 
Leloir and Munoz (1939) studied the 
rate of oxidation of fatty acids with one 
to eight carbons in the presence of liver 
slices, and found that, with the exception of 
formic acid, acids with an uneven number 
of carbons, such as propionic, valeric, and 
heptanoic acid, are less readily oxidized 
than those with an even number, namely 
acetic, butyric, hexanoic, and octanoic acid. 
Similar studies were reported by Cianranfi 
(1939) who studied the oxidative breakdown 
of saturated monocarboxylic acids contain- 
ing one to eight carbons and their methyl- 
esters, in the presence of tissue slices of 
liver, spleen, kidney, brain cortex, striated 
muscle, Rous I sarcoma, round cell chicken 
sarcoma, and Ehrlich adenocarcinoma. He 
found that without exception the oxygen 
consumption of normal tissue slices is much 
more increased by the esters than by the 
free acids, that it increases with the length 
of the carbon chain to a maximum of six 
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to seven carbons, and that it decreases at 
about eight carbons because of the low 
solubility of these esters in water. He 
claimed that, in the case of esters, only the 
fatty acid component is metabolized, whereas 
the alcohol component remains intact. In 
contrast to normal tissues, neoplastic tissues 
are said not to oxidize the free acids, indi- 
cating that they lack the enzyme of B-oxida- 
tion, with the exception of the one which 
transforms the secondary alcoholic group of 
8-hydroxybutyric acid into a ketonic group 
by means of -oxidation enzymes. The for- 
mation of keto-bodies by oxidation of sat- 
urated fatty acids with two to ten carbons 
in the presence of liver slices of rats and 
guinea pigs was studied by Jewett and 
Quastel (1935). They came to the conclu- 
sion that acetoacetic acid is probably the 
only £-keto-acid produced in significant 
amounts during their oxidation; that this 
occurs much more readily with the even 
numbered acids, butyric, hexanoic, and oc- 
tanoic acid; whereas pentanoic, heptanoic, 
and nonanoic acid produce acetoacetic acid 
only in small, although significant, quantities 
in the presence of guinea pig liver, and 
whereas formic and propionic acid do not 
produce any keto-bodies. Similar studies 
were reported by Edson (1935), who con- 
firmed these observations. Jewett and 
Quastel (1935) suggested that the greater 
increase in oxygen consumption of liver 
slices brought about by the addition of odd- 
numbered acids indicates that they are more 
completely oxidized to carbon dioxide and 
water than the even-numbered neighbors. 
They found further that in incubation of 
liver slices with fatty acid higher than 
valeric acid, oxidation results in the for- 
mation of fixed acids, which is greater with 
even-numbered than with odd-numbered 
acids. The nature of these acids was, how- 
ever, not determined, except that it was 
shown that these are neither acetoacetic nor 
8-hydroxy-butyric acids. In contrast to other 
investigators, who assumed that the destruc- 
tion of fatty acids results from B-oxidation, 
Jewett and Quastel (1935) assumed that 
the oxidation affects alternate carbons, and 
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that the breakdown results from “multiple 
alternate oxidation.” 

Prior to the in vitro studies discussed 
above, considerable work on the fate of 
fatty acids in the animal organism had been 
done. Porges (1910) reviewed the older 
literature on this subject, which led to the 
acceptance of Knoop’s theory of B-oxidation 
also for the metabolic destruction of fatty 
acids, and to the recognition that those with 
even-numbered carbons are oxidized in this 
way with the formation of acetoacetic acid 
derivatives. This was confirmed by MacKay, 
Wick, and Barnum (1940) for acids with 
2 to 10 carbons in carbohydrate-fed rats 
with adequate glycogen deposits in the liver, 
whereas acids with 12 carbons and more do 
not yield keto-bodies under these conditions. 
They assumed that the ketogenic action of 
these acids was due to the inability of the 
body to store fats containing short-chain 
fatty acids. Similar studies made with rab- 
bits by Wick (1941) following the intra- 
venous injection of the sodium salt of fatty 
acids with branched carbon chains are sum- 
marized in Table 11. As shown in this table 
butyric and valeric acid derivatives with 
alkyl groups in e-position have no ketogenic 
properties, whereas the B- and y-substituted 
derivatives produce keto-bodies. a-Methyl- 
caproic acid is an exception in that it pro- 
duces keto-bodies. Wick (1941) assumed 
that in this instance they may arise from 
the residual carbon chain after removal of 
the first four carbon atoms. 

Verkade and van der Lee (1934) dis- 
covered that certain aliphatic acids undergo 
oxidation of the end-carbon, -oxidation, 
resulting in the formation of dicarboxylic 
acids. They studied in man the fate of cer- 
tain triglyceryl esters, and found that tride- 
cylin has no, trilaurin nearly no, triundecylin 
marked, trinonyline little, and tricaprylin 
very little “diacidogenic” action. As shown 
by Verkade, van der Lee, and van Alphen 
(1937), dogs appear less apt to metabolize 
such acids by o-oxidation, and the fate of the 
different esters differs from that in man. 

Reports on the systemic effects of fatty 
acids are very limited. Mayer (1886) studied 
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Tasie 11.—O-xidation of Fatty Acids with Branched Chains * 


Formula 


CH 
i-Butyric CHCOOH 
CH 


CH,CH.CHCOOH 
\ 
CH; 
CH,CH.CHCOOH 
CH ,CHCH .COOH 
| 
CH, 
CH,.CH.CH.CHCOOH 
CH; 
| 
CH .CH.:CHCH:COOH 
| 
CH,CHCH.CH:COOH 
| 
CH; 
CH,CH.CH:CH:CHOOH 
| 
CH, 
CH,CH,.CH:CH:CHCOOH 
| 
CH:H, 


a-Methyl-butyric 
a-Ethyl-butyric 
8-Methyl-butyric 
a-Methyl-valeric 
a-Ethyl]-valeric 
8-Methyl-valeric 
y-Methyl-valeric 
a-Methyl-caproic 


a-Ethyl-caproic 


* Wick (1941). 

t Lang-Adickes (1940). 

t Baer & Blum, (1905 & 1906). 
§SEnden, Solomon, & Schmidt (1906). 


the depressant effect of the sodium salts of 
the five lower fatty acids on the central 
nervous system, and claimed that this in- 
creases with the molecular weight from ace- 
tic to valeric acid, formic acid ranging in 
this respect between butyric and valeric acid, 
presumbly because of its aldehyde charac- 
ter. Paul (1922) studied the relation be- 
tween the sour taste of acids and _ their 
physical-chemical properties, and found that 
acid perception and dissociation constants do 
not run parallel, whereas in his opinion the 
hydrogen ion concentration of the acid was 
of fundamental importance for the stimu- 
lation of the taste nerves, in contrast to the 
dissociated molecule. However, in a similar 
study Taylor (1928) claimed that the sour 
taste of acids is neither a function of stoich- 
iometric relation nor of the pH, and he 
showed that, with solutions of equal pH, a 
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Liver Ketone Bodies Found 
Glycogen. 


Left 2 3 4 


high degree of sourness was associated 
with a high degree of penetration velocity of 
the undissociated acids or of the anion. Oet- 
tel (1936) studied the irritant action of fatty 
acids on the human skin. He found that the 
anhydrides of acetic, propionic, butyric, and 
valeric acid cause, after contact for 30 
minutes, moderate prickling, erythema, and 
hyperemia, the intensity of which increases 
with increasing number of carbons. 

The effect of fatty acids on the heart and 
circulation has not been studied systemati- 
cally. However, Hall and Waldman (1946) 
found that the intravenous injection of 3.0 
cc. of 0.25 molar solutions of the sodium 
salts of certain aliphatic acids causes ab- 
normalities of the cardiac function in cats 
anesthetized with pentobarbital, character- 
ized by the appearance of ectopic beats such 
as isolated extrasystoles, coupled rhythms, 
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and ventricular tachycardia similar to those 
produced by digitalis, and that these can be 
abolished by the administration of potas- 
sium. The per cent incidence of these ab- 
normalities was as follows: 


Sodium caproate 25% 
Sodium heptylate 40% 
Sodium caprylate 71% 
Sodium caprate 100% 


It is therefore apparent that the tendency 
of certain fatty acids to cause ectopic beats 
increases with the length of the carbon 
chain, and that this is due, at least in part, 
to a disturbance of the ionic equilibrium 
and to the formation of less soluble and 
less ionized calcium salts, the per cent solu- 
bility of which at 20 C is as follows: 


Calcium caproate 2.18% 
Calcium heptylate 0.85% 
Calcium caprylate 0.31% 


It should be mentioned that such doses 
as were used in these experiments had no 
definite effect on the blood pressure. 

Rona and Neukirch (1912) studied the 
stimulant effect of the sodium salts of fatty 
acids on the activity of the isolated rabbit's 
small intestine using concentrations of 0.02 
to 0.05%. They found that acids with an 
even number of carbons, acetic and n-butyric 
acid, caused stimulation increasing in in- 
tensity with the number of carbons ; where- 
as acids with odd _ numbers, 
propionic, and i-valeric acid, caused no 
stimulation. These findings are in contrast 
to those reported by Lurje (1925) concern- 
ing the effect of acids on the large intestine 
He found that 0.39% to 
0.8% of propionic, butyric, and caproic acid 
caused stimulation, whereas 0.2% to 0.8% 
of acetic acid caused no noticeable effect. 


formic, 


of cats in situ. 


Since many of the aliphatic acids are 
constituents of fats, their nutrient value and 
that of their esters is of considerable inter- 
est. This was sudied by Ozaki (1927) with 
higher aliphatic acids with an even number 
of carbons ; their sodium salts ; and methyl-, 
ethyl-, and glyceryl-esters, by determining 
in growing rats under controlled conditions 
the increase in weight. As illustrated in 
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Figure 4, the salts and esters are 
effective in this respect than the free acids. 
By feeding the glycerides of fatty acids 
with 1 to 18 carbons in 5% concentration 
with the standard diet (Figure 5), he found 
that fats with odd-numbered carbons have 
generally a lower food value than those with 
an even number, and that the glycerides of 
propionic, isovaleric, and undecylic acid 
cause loss of weight, and even death, pre- 
ceded by convulsions. Of all the esters stud- 
ied, those of lauric and myristic acid have 
the greatest nutritional value, and this de- 
creases from myristin (14 carbons) to for- 
min (1 carbon), and with the higher 
homologues from myristin (14 carbons) to 
stearin (18 carbons). 

As illustrated in Figure 5, the stability 
of these glycerides towards saponification 
increases with the molecular weight; the 
lower ones with two to five carbons being 
very readily hydrolyzed, whereas the higher 
ones become increasingly more stable. Since, 
as illustrated in Figure 4, these esters of 
aliphatic acids have a greater nutritional 
value than the free acids, this may explain 
in part the greater efficacy of the acid 
with 6 to 14 carbons in the chain. In addi- 
tion it was shown by Deuel and associates 
(1941) that the rate of absorption of acids 
from the gastrointestinal tract is greater 
with those with an even number of carbons 
than with those with an odd number, and 
that the higher homologues are generally 
more slowly absorbed. It appears that the 
rate of absorption may also be involved 
in the nutritional value of these esters. Fur- 
thermore, as pointed out before, Leloir and 
Munoz (1939) have shown that, in vitro 
in the presence of liver slices, acids with odd 
numbers of carbons are less readily oxi- 


more 


dized than those with an even number, and 
that may also explain their low food value. 
The same holds true for the observation of 
Jewett and Quastel (1935), who showed 
that under similar conditions acids with an 
even number of carbons form ketone-bodies 
more readily, whereas odd-numbered acids 
are more completely oxidized to carbon di- 
oxide and water. 
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Fig. 4.—Food value of 
free aliphatic acids with 
12 to 18 carbons, 
their sodium salts, and 
their methyl-, ethyl-, and 
glyceryl esters for rats. 
(Ozaki, 1927) 
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Comparative studies on the toxicity of a 
larger number of fatty acids are exceptional. 
Harnack (1912) found that for frogs the 
minimal fatal doses expressed in equimolec- 
ular values are: 

Formic acid 
Acetic acid 
Propionic acid 
Butyric acid 526 
Valeric acid 363 
Hermann (1930) studied the toxicity of 
aliphatic acids in rabbits with intravenous 
injection of 0.25 molar solutions, and found 
that when injected at the rate of 2 cc. 
per minute the lethal dose in cc. per kilo- 
gram of body weight was 58.5 for formic 
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acid, 100.6 for acetic acid, and 71.3 for 
propionic acid, killing the animals in 122, 
209, and 143 minutes respectively. He be- 
lieved that the toxicity is neither a function 
of the pH nor of the molarity, but that 
other factors such as metabolic fate are also 
involved. The number of saturated fatty 
acids studied in this series is, however, too 
small to permit the formulation of definite 
conclusions. Most toxicity studies made with 
these and other acids allow, unfortunately, 
no comparison, since they were performed 
with different species and under different 
conditions. It appears, however, that the 
toxicity of saturated fatty acids is com- 
paratively low. 
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In view of the hematological changes 
observed in human poisoning as by acetic 
acid, the hemolytic action of aliphatic acid 
in vitro has been studied repeatedly. Such 
studies with washed bovine blood cells were 
published by Fiithner and Neubauer (1907) 
as illustrated in Table 12. This table shows 
that the hemolytic action decreases with 
increasing molecular weight up to butyric 
acid, and it is somewhat greater than the 
latter with caproic acid. The similarity be- 
tween the hemolytic concentrations of pro- 
pionic and caproic acid, and butyric and 
valeric acid, may suggest that the dissocia- 
tion may be involved in this effect and, 


PALMITIN 16 806 2071 206.8 
PENTADECYLIN 15 764 2120 | 214.2 ZZ 
TRIDECYLIN 13 680 252.3 | 2509 ZZ 
LAURI 12 - - 
UNDECYLIN " 596 2839 | 2841 
NONYLIN 9 512 3293 | 3263 
CAPRYLIN 8 470 357.4 | 348.0 
HEPTYLIN 7 428 394.1 | 3925 
I-VALERIN 5 344 4764 | 489.2 
BUTYRIN 4 302 540.0 | 566.2 
PROPIONIN 3 260 | 6090 | 6470 
ACETIN 2 216 772.0 | 772.0 
-20 “10 ° +10 #50 


Fig. 5.—Food value of glycerides of fatty acids with 1 to 18 carbons for rats with reference 
to their stability towards saponification. (Ozaki, 1927) 


as suggested by these authors, the same 
holds true for the capillary activity of these 
acids. Shimazono (1911), using washed 
rabbit’s blood cells, found that neutralized 
aqueous solutions of fatty acids with up to 
9 carbons were ineffective in the concen- 
trations tested, whereas the sodium salts of 
the higher homologues, capric, lauric, and 
myristic acid, under the same conditions 
have a marked effect, and those of palmitic, 
stearic, arachidic, and cerotic acid are 
slightly less active in this respect. 
Hermann (1930) studied the hematin 
formation by fatty acids of equal pH with 
blood samples of different provenience. He 


TaBLe 12—Hemolytic Action of Aliphatic Acids * 


Solubility of 
Hemol. Cone. Surface Ca Salts, at 
Mol/L. Bov. Tension, Gm/100 
Acid Blood Cells Dissociation Air or Vap. Gm/20 C 


Formic 0.0014 1.77 X10-* 37.6 

Acetic 0.0037 1.753 X10-* 27.8 36.0 
Propionic 0.0064 1.343X<10-* 26.7 39.85 
Butyric 0.0081 1.506 X10" * 26.8 18.20 
Valeric 0.0081 1.56 8.80 
Caproic 0.0066 1.32 2.18 


* Fibner and Neubauer, 1906. 


von Oettingen 
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found that different acids form hematin at 
different speed from blood of different 
species, that with equal pH, formation 
increases with molecular concentration, 
and with equal molarity, formation increases 
with decreasing pH. However, when tested 
with hemolyzed blood, the intensity of the 
hematin formation was independent from 
the molarity and depended entirely upon the 
pH, indicating that with intact red blood 
cells the rate of penetration plays a role. 

Noda and Kurakake (1939) studied the 
coagulant action of fatty acids by injecting 
these slowly intravenously as 10% neutra- 
lized solutions into rabbits in doses of 1 
cc/kg. They found that these cause some 
shortening of the coagulation time in the 
following increasing order: formic acid, pro- 
pionic acid, butyric acid, and acetic acid. 
The mechanism of this action is not ex- 
plained, and the data submitted allow no 
interpretation. 

Dept. of Health, Education and Welfare, U.S. 
Public Health Service. 
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Occupational Health Studies of the Shell-Molding 


Process 


GEORGE E. TUBICH, B.S., Grand Rapids, Mich.; IRVING H. DAVIS, B.S., and 


BERNARD D. BLOOMFIELD, M.S., Lansing, Mich. 


Introduction 


Shell molding is said to be the first major 
change in foundry practice principles since 
the Bronze Age, and, although refinements 
have been produced over the centuries, none 
have effected a basic process change of such 
importance. While not applicable to large, 
heavy castings, the shell process does play 
a big part in the production of small 
and medium-sized mass-produced castings. 
Since its introduction, many hundreds of 
foundries throughout the world have in- 
corporated this process into their produc- 
tion lines. This study was undertaken to 
determine the nature and extent of the 
potential hazards of this process because 
of its very significant difference from the 
conventional sand-casting technique. 


Its History 


The shell-molding process was developed 
in Germany by Johannes Croning during 
the latter part of World War II. It was 
first called the Croning Process, then the 
C Process, but it is now universally known 
as the shell-molding process. This process 
was first made known to foundrymen in 
May, 1947, and during the next several 
years many foundries experimented with 
the process. The first large-scale production 
operations of shell molding in the United 
States began about 1950. Since that time, 
there has been a very rapid growth in 
foundries adopting this process. 
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Johannes Croning brought a revolution- 
ary new method to foundry operations, and 
for his outstanding contribution to the 
foundry industry, he was awarded the John 
A. Penton Gold Medal by the American 
Foundrymen’s Society. 


Plant Distribution 


Table 1 shows the number of foundries 
utilizing this process. It is estimated that 
in the United States approximately 25,000 


TABLE 1.—Geographical Distribution of 
Shell-Mold Producers, 1958 


No. No. 

Establish- Establish- 
States ments States ments 
Nebraska 
Nevada 
New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 
Tennessee 
Texas 
Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


Alabama 12 
Arizona 1 
Arkansas 2 
California 65 
1 

18 


Colorado 
Connecticut 
Delaware 
Dist. of Columbia 
Florida 
Georgia 
Idaho 
Illinois 
Indiana 
Iowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachusetts 
Michigan 
Minnesota 
Mississippi 
Missouri 
Montana 


Reo! 


wom ao 
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United States 
England 
Japan 

France 
Germany 
Canada 
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590 
350 
325 
65 
48 
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workers are employed in shell molding. Its 
rapid growth in the United States is indi- 
cated by the fact that 70% of the plants 
listed in Table 1 have adopted this process 
since 1953. There are only a few of these 
foundries which produce all of their cast- 
ings exclusively by this process. Shell 
molding readily found its mark in the mass- 
production casting needs of the foundry 
industry, and accordingly consumption of 
phenolic resin in the United States in 1950 
was about 250,000 Ib., in 1957, 17,000,000 
Ib., and in 1960, an estimated 50,000,000 Ib. 


Description of Operation 


The shell-mold process offers these ad- 
vantages: production of castings with 
smoother surfaces, closer tolerances, and 
thinner sections; reduction in material han- 


Fig. 1.—Dry-blending 
process. Sand in hopper 
(1) is dumped into 
twin-blender (2). Resin 
and hexamethylenetetra- 
mine are also added to 
blender. After blending 
resin-sand mixture is 
dumped into hopper (3) 
for transfer to shell- 
molding machines. Cour- 
tesy of Midwest Foundry. 


Tubich et al. 


dling, labor, and cleaning costs; increased 
productivity per man hour; reduced sand 
to casting ratio (80% less sand required); 
and better metal yields. 

Principal steps in the production of shell 
molds are as follows: preparing metal pat- 
terns, coating of sand with phenolic resin, 
investing resin-sand mixture onto heated 
pattern, curing shell mold in oven, and 
assembling the two mold halves. 

Patterns for shell molding are very sim- 
ilar to conventional patterns; however, they 
require ejection pins for proper removal of 
the shell mold. The metals preferred for 
the patterns are cast iron and steel, although 
aluminum and brass are sometimes em- 
ployed. Prior to use, new patterns are 
cleaned with a chlorinated solvent, blasted 
with a soft abrasive, treated with a parting 
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compound, and placed in an oven for initial 
cure. After curing, the pattern is again 
treated with a parting compound and is 
ready for molding. 

Two types of parting compounds or re- 
lease agents are used on the pattern. The 
majority of foundries use silicone release 
agents of the water-emulsion and _ solvent- 
dispersal type, while the remainder use a 
wax compound. 

Fine silica sand is the commonest mold- 
ing material. Other materials include zircon 
sand and a limited use of olivine (fosterite), 
alumina, magnesia, and chromite. The 
grain fineness number of the silica sands in 
use today range from 90-140 and have a 
clay content of less than 1%. 

Thermosetting resins are added to the 
sand in a ratio of 3% to 6% by weight. 
The most commonly employed resin is 
phenol formaldehyde. Urea formaldehyde 
has certain advantages for nonferrous ap- 
plications. Other resins used for special 
purposes are melamine formaldehyde, the 
alkyds, the polyesters, or various combina- 
tions of these. 

Production of shell-molding castings be- 
gins with the preparation of a suitable 
resin-sand mixture. The method of pro- 


ducing these mixtures are by dry blending 
or cold or hot coating. 

Dry blending, illustrated in Figure 1, is 
accomplished by mixing sand, 3% to 6% 
by weight of powdered resin having an 
average particle size of 10u to 20u, and a 
catalyst, hexamethylenetetramine, for about 
10 minutes to produce a uniform deposit of 
the resin on the sand particles. 

In the cold-coating process, as shown in 
Figure 2, hexa and wax are first added to 
the sand in a muller and mixed for one to 
two minutes, after which the resin-alcohol 
solution is added in a ratio of 3% to 5% 
by weight. This solution consists of ap- 
proximately 70% resin solids and 30% 
alcohol (ethyl, methyl, isopropyl, or vinyl). 
Cold coating was first accomplished by re- 
lying on the heat of friction created in the 
mixing operation to drive off the alcohol. 
This step was accelerated by the use of air 
preheated to 300-500 F and introduced into 
the muller to drive off the alcohol and leav- 
ing a resin coating of approximately lp in 
thickness on the sand particles. 


Hot coating is accomplished by preheat- 
ing the sand to a temperature between 275- 
350 F. Coarsely ground resin is added, and 
the mixture is mulled from one to two min- 


Fig. 2.— H ot-coating 
process. Sand trans- 
ferred by elevator (1) 
into muller (2). Addi- 
tion of hexamethylenetet- 
ramine and alcohol-resin 
solution is made through 
muller opening (3). Air 
(4) is preheated to 500 F 
and blown into muller to 
drive off alcohol. Coated 
sand is emptied into boot 
of elevator (5) and dis- 
charged on flat deck 
screen (6). Sand is 
dropped through screen 
into hopper (7) for trans- 
fer to shell-molding ma- 
chines. Courtesy of Great 
Lakes Foundry. 
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utes. During this mulling period the resin 
melts and coats the sand particles. At this 
point in the cycle a water solution of hexa 
is added. The mixture is mulled to disperse 
the hexa solution and cooled very rapidly 
by blowing cold air through the resin-sand 
mixture. 

Improved surface characteristics of the 
shell mold can be achieved by using some 
chemical additives, including manganese 
and lead oxide; sodium, manganese, and 
calcium carbonates, and activated alumina. 
The carbonate compounds are most likely 
to be encountered in the shell-molding proc- 
ess because of the comparative cost factor 
in favor of these materials. 

For magnesium casting, ammonium boro- 
fluoride is added to the sand mix and a 
wash of boric acid and sulfur or a rubber 


compound containing boron and fluorine is 
applied to the mold surface. 

Zinc stearate has been used to improve 
shell-mold parting characteristics. It may 
be added to the sand mix or the stearate 
compounds may be used as a dust to coat 
the pattern at the points where sticking 
occurs. 

Chemical additives are not likely to be 
added in quantities greater than 0.5% to 
3% by weight. In some instances, these 
additives may be used in connection with 
various types of synthetic sand, such as 
These 
materials may be sometimes used to pro- 
duce a facing layer in the shell mold of 
approximately 1/16 in. Shell molds of this 
type will be used only where very special 


olivine (fosterite) and zircon sand. 


surface characteristics are required. 


Fig. 3.—Shell-molding process. Pattern (1) is preheated in oven (2) and placed under 
investment hopper (3). Damper (4) opens, allowing coated sand to fall on heated pattern. 
Investment hopper is inverted and damper closed, retaining sand in upper portion of hopper. 
Pattern, with shell mold, is returned to oven (2) for final cure. Courtesy of Great Lakes 
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The resin-sand mixtures are transferred 
to the shell-molding machines, where the 
shell is formed by either the investing or 
the blowing technique. 

Patterns are installed on the shell-mold- 
ing machines, heated to 400-500 F, and 
sprayed with a parting compound. In the 
investing method of Figure 3, the pattern 
is attached to the investment dump box 
and the dump box is inverted. Sufficient 
resin-sand is dropped to coat the pattern 
with 4 to 6 in. of the material at the highest 
point. During the 10 to 40 second invest- 
ment period, the heat of the pattern melts 
the resin layer adjacent to the hot pattern 
surface. The thickness of the melted layer, 
l to ¥% in., depends on the pattern tem- 
perature and the investment time. At the 
end of the investment period, the dump box 
is inverted and the excess resin-sand mix- 
ture is removed. The remaining shell is 
cured for 30 to 40 seconds in an oven at 
600-1,400 I. Since these temperatures are 
higher than the pattern temperatures, molds 
will be cured rapidly, and, at the same time, 
the heat lost in the pattern during the in- 
vestment of the cold mix will be replaced. 
During the oven-curing process, polymeri- 
zation of the resin is completed and the 
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resin becomes hard and rigid. Molds are 
removed from the patterns with the aid of 
stripping pins. Removal of the mold from 
the pattern is further facilitated by the 
parting compounds previously applied. 

The  shell-blowing method is accom- 
plished by pneumatically blowing the 
mixture into a cavity between two heated 
patterns, one forming the mold face and 
the other forming the backing. Mold strip- 
ping and curing are performed as described 
previously in regard to the investment 
method. 

As the name implies, shell molding is a 
technique used to produce a mold that is 
merely a shell of sand varying in thickness 
from % to % in. Typical mold production 
rates are from 40 to 60 shell molds per 
hour. 

Shell molds may be produced from sepa- 
rate cope and drag patterns, or they may be 
produced from the same pattern which 
contains both cope and drag. With such 
an arrangement a shell may be easily bro- 
ken in half as shown in Figure 4. 

Various techniques are used to fasten 
the two shell halves to make a completed 
mold. These include clips, wire staples, 
tapes, bolts, and adhesives. The commonest 


Fig. 4.—Shell-mold sec- 
tions. Courtesy of Great 
Lakes Foundry. 
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Fig. 5.—Mold-gluing 
process. Resin adhesive is 
being applied to one-half 
of shell (cope) resting on 
spring clamp press. Sec- 
ond half (drag) will be 
placed on cope and press 
closed. Latent heat of 
shells set adhesive, and 
shell mold is ready to be 
transferred to pouring 
area. Courtesy of Mid- 
west Foundry. 


method of fastening shell halves has been 
with adhesive thermosetting resin the gen- 
eral type of the shell-molding resin. The 
resin adhesive is applied on the outer edges 
of the hot shell, and the mating half is then 
placed over it. The shells are pressed to- 
gether by two sets of steel spring pins, as 
seen in Figure 5, one pressing downward 
on the top shell and the other set pressing 
upward against the bottom. The bottom 
set is stationary, whereas the top set is 
propelled downward by an_ air-operated 
piston. Pressure is maintained until the 
adhesive has set under the latent heat con- 
tained in the shells. 

Light metal castings and small castings 
with thin cross sections can be poured with- 
out back-up material around the molds. 
Where there is sufficient metallostatic pres- 
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sure to require a back-up material, metal 
shot, gravel, or molding sand can be used. 
When sand or gravel are used as back-up 
materials, they may tend to pick up the odor 
from the burning molds or hot metal. After 
repeated use, such back-up materials are 
discarded and replaced by fresh material. 

The conventional methods of melting and 
pouring are also used in shell molding. 
Pouring of shell molds is illustrated in 
Figure 6. Metals successfully cast in shell 
molds include aluminum; magnesium; low- 
lead, and low-tin bronzes; gray, 
nodular, and malleable iron; and_ special 
alloy steels. 


brasses; 


The heat liberated during the solidifica- 
tion of the casting is sufficient to burn out 
the bond adjacent to the casting surface, 
thus facilitating shake-out. Although sand 
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Fig. 6.—A, pouring shell molds on conveyor line. Courtesy Great Lakes Foundry. B, 
pouring shell molds on foundry floor. Courtesy Midwest Foundry. 
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can be reclaimed from the shell molds, few 
plants have undertaken the procedure. 

Most shell castings average 1 to 5 lb. by 
weight; however, castings as large as 200 
lb. are being poured by this process. 

The above description reveals that the 
shell-molding process differs in three major 
respects from conventional sand-casting 
techniques : the shell-mold pattern is heated; 
the molding material is a resin-sand mix- 
ture; the molds are cured in an oven. 


Other Shell Molding Processes 


Shell Cores.—Production of shell cores 
has been a natural outgrowth of the shell- 
mold process. Blowing of shell cores be- 
came feasible with the development of the 
coated sands, and during the past few years 
there has been a rapid increase in cores 
made by this method. The cores may or 
may not be hollow and are used in both 
shell or conventional sand molds. 

Many special machines are now in serv- 
ice with top, bottom, or side blowing units 
and have integrally heated core boxes or 
curing ovens. The core boxes may be split 
or made of solid stock with push-out pins 
for ejection. Generally the core box tem- 
perature is 500-600 Kk for rapid production. 
The coated sand is blown or dumped into 
the box and left for a 5 to 20 second dwell 
or investment period, after which the sur- 
plus material is dumped and the remaining 
material forms a hollow core. This leaves a 
shell 4% to 4% in. thick which cures very 
rapidly within the box heaters or oven. 


Silicate Process —I\n this process, the 
sand is thoroughly mixed with water and 
5% siliceous sodium silicate, loaded into a 
pressure chamber, and blown over a hot 
pattern at 300-500 F, until a thickness of 
about % in. has developed. After three 
minutes of oven curing at 850 F, the shell 
is ready for use. 


Environmental Studies 

The studies were carried out in seven 
foundries; four were highly mechanized, 
and three partially mechanized. Only found- 
ries producing ferrous castings were in- 
volved in this study. 

Atmospheric Contaminants: Dust.—The 
sand encountered in this study is known as 
Juniata Bank sand. Total silica in this type 
of sand averages 90%-95%. The range of 
free silica was 58% to 71% with an average 
of 64%. Other more refractory sands, such 
as the Ottawa and Pennsylvania sands are 
also used in this process; however, none of 
these materials this 
study. The following data on air-borne 
dust is based on the use of Juniata Bank 
sand for shell molding. 

Free Silica in Air-Borne Dust.—Table 2 
shows the per cent of free silica, on a 
weight basis, in air-borne dust by operation 


were encountered in 


and by type of coating process. These re- 
sults are based on total sample. No data is 
reported on the fraction less than 5, be- 
cause of difficulties encountered in elutriat- 
ing the resin-and-sand mixtures. 


TasLe 2—Free Silica Content of Airborne Dust in Shell-Molding Establishments 


Operation 


Sand 
conditionin: 


Dry blending 
Cold or hot coating 


Shell 
molding 


Dry blending 
Cold or hot coating 


Shakeout 
Manual 
Mechanical 
Mechanical 


Dry blending 
Cold or hot coating 


Samples Range 


by Operation and Coating Method 


Free Silica, % By Wt. 


No. 


Median Mean 


4-14 6 8 
11-36 30 29 


5-31 10 14 
12-29 18 20 


25 
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Tas_e 3.—Combustible Content of Dust in Shell-Molding Establishments by 
Operation and Coating Method 


% Combustible, By Wt. in Airborne 


Dust 


Sample Collection Sample Collection 
By High Volume 
Air Sampler 


By Standard 
Impinger 


% Combustible, By 
Wt. In Settled Dust 


No. 


Operation Samples 


Sand 
conditioning 


Dry blending 9 
Cold or hot coating 16 


Shell 
molding 


Dry blending 12 
Cold or hot coating 11 


Dry blending 8 


Shakeout Cold or hot coating 9 


The free silica content of most of the 
air-borne dusts were found to be of the 
same order of magnitude. An exception 
was noted in the sand-conditioning and 
shell-molding operations by the dry blend- 
ing process where powdered resin concen- 
trations were found to be high. 

Free Silica in Settled Dust—The sam- 
ples for this determination were collected 
from beams, ductwork, and pipes 10 to 15 
ft. above the foundry floor level. In dry 
blending the average free silica was as 
follows: sand-conditioning, 15%; shell- 


molding, 29%; shake-out, 29%. The values 
for the coated process on these same opera- 
tions were 36%, 39%, and 32%, respec- 
tively. 

Per Cent Combustible—Table 3 shows 
the per cent combustible by operation, meth- 
od of coating, and sampling procedure. 
Significantly higher results were found 
when sampling with the standard impinger 
than with the high-volume filter-paper air 
sampler. Air-borne concentrations of com- 
bustible dust were in the range of 0.0001 
to 0.0007 0z. per cubic foot of air. 

The Table also shows that the settled 
dusts were considerably higher in combus- 
tibles at the sand-conditioning operations 
using the dry-blending method. 

Particle Size Distribution —Representa- 
tive samples of the dry-blending and cold- 
coating methods were collected for this 
determination. Figure 7 presents the par- 
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18-45 30 
4-30 19 56 na 12-23 17 


Range Mean Range Mean Range Mean 


30-78 60 88-99 92 48-60 54 
7-36 23 15-80 44 5-31 ll 


30-55 40 69-97 66 3-48 20 
32-38 35 21-93 52 


74-84 79 10-13 12 


ticle size distribution of dust from shell- 
molding operations. Approximately 90% 
of the particles, for both methods, were 
below 3, in size. 

In dry blending the average geometric 
mean particle size by light field microscopy 
for sand conditioning is 1.4n, shell molding, 
1.24, and shake-out, 1.24. By electron mi- 
croscope sizing methods these values are 
O.4u, and 0.2p, respectively. 

Dust Concentrations.—Table 4 shows 
dust concentrations related to the various 
operations. The addition of dry powdered 


Fig. 7—Typical particle-size distribution of air- 
borne dust in shell molding. 
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TABLE 4.—Range of Dust Concentrations in Shell-Molding Establishments 
by Operation and Coating Method 


Operation 


Sand Dry blending 
conditioning 


Shell Dry blending 
molding 


Shakeout. 
Manual 
Mechanical 


Dry blending 


Mechanical 


Cold or hot coating 


Cold or hot coating 


Cold or hot coating 


Million Particles/Cu. Ft. 
of Air 
No. 


Samples Range Median Mean 


8-298 60 85 
5-84 24 30 


85 


28 7-92 12 22 
24 


resin to the mixer results in high dust con- 
centrations during sand conditioning by the 
dry-blend process. The lower dust concen- 
trations at the mechanical shake-out opera- 
tions are due to ventilation control measures 
provided. 

Table 5 shows frequency distribution of 
dust concentrations according to operation 
and coating method. In the dry-blending 
method of coating, 439% of the dust con- 
centrations were above 20,000,000 particles 
per cubic foot of air. In the cold- or hot- 
coating process 49% of the dust counts 
exceeded the 20,000,000 particle limit. 


Atmospheric Contaminants: Solvents 
and Resin-Decomposition Products 


The solvents utilized in shell-molding op- 
erations may include several types of alco- 
hydrocarbons, 


hol, chlorinated aromatic 


Sand 
conditioning 


Dry blending 18 
Cold or hot coating 


Shell Dry blending 
molding Cold or hot coating 


Shakeout: 


Manual 10 
Mechanical Dry Wanting 6 
Mechanical Cold or hot coating ll 
Total of all Dry blending 62 
operations Cold or hot coating 


TABLE 5.—Frequency Distribution of Dust Concentrations in Shell-Molding 
Establishments by Operation and Coating Method 


hydrocarbons, and straight-chain hydrocar- 
bons. A number of these solvents are cur- 
rently used in silicone parting compounds 
for spray-coating mold patterns. Various 
types of alcohol serve as solvents for the 
thermosetting resins in the sand-coating 
process. Kerosene or fuel oil is often mixed 
with resin in preparing a slurry for bond- 
ing the two halves of the shell mold. 

The gases and vapors produced by the 
decomposition of the resin mixtures include 
carbon monoxide, ammonia, aldehydes, and 
phenols. The presence of cyanide as a 
breakdown component of phenolic resins 
has been reported,! but detectable amounts 
were not observed in this study. 

Alcohols.—The resin solvents most com- 
monly used in the sand-coating process are 
methyl or ethyl alcohol. The alcohol may 


No. Samples, With Indicated Range of Million 


Particles/Cu. Ft. of Air 


Operation Samples 


0-9.9  10.0-19.9 20.0-39.9 40.0-69.9 70 or Over 


1 2 5 2 8 
2 8 12 2 3 


9 10 4 4 1 
6 6 ll 1 0 


0 7 2 0 1 

2 4 0 0 0 

7 3 1 0 0 

19% 38% 18% 9% 16% 
27% 5% 
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be present in the liquid resin as supplied by 
the manufacturer, or it may be added sepa- 
rately along with the resin powder in the 
muller. The solvents are used to dissolve 
the resins sufficiently to produce a uniform 
resin coating of approximately 0.00004 in. 
(1p) on the sand particles. Heat is sub- 
sequently applied to the muller to evaporate 
the alcohol from the resin-sand mixture. 
The ratio of alcohol and resin to sand may 
vary considerably, but a typical batch for- 
mula currently used includes 720 Ib. sand, 
28 Ib. resin, 12 Ib. alcohol, and 5 Ib. hexa- 
methylenetetramine and wax. 

The evaporation of the alcohol during a 
10- to 15-minute mulling cycle necessitates 
the installation of an effective local exhaust 
ventilation system to control the potential 
health, fire, and explosion hazard. An illus- 
tration of the alcohol concentration as a 
function of mulling cycle time is shown in 
Figure 8. Curve A illustrates the explosive 
hazard which exists when conventional 
muller exhaust rates are applied. Curve B 
shows the results obtained with the appli- 
cation of increased exhaust volumes, the 
increase necessary to control the alcohol 
vapor. It should be noted that the alcohol 
concentration reaches a peak within a min- 
ute or two after the beginning of mulling 
cycle with most of the solvent being evapo- 
rated during a two- to four-minute period. 
These factors must be considered in the 
design of the muller ventilation system as 
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Fig. 8.—Comparison of 
alcohol vapor concentra- 
tions in muller hoods 
during sand-coating proc- 
ess. 


emphasized by several explosions which 
have been reported. It is likely that this 
hazard exists in a great many plants em- 
ploying the coated-sand process. 

A health hazard from alcohol exposure 
in mulling of sand is not likely to exist 
when adequate ventilation is provided to 
control the explosion hazard. The residual 
alcohol content remaining in the resin-sand 
mixture after mulling does not appear to 
be sufficient to create a health problem in 
the sand-storage or mulling areas. 

Water-based resins for use in the coated- 
sand process have been developed. Some 
of the mixes may contain as much as 4% 
organic solvents. They may offer a solution 
to the explosion problem in mulling, but to 
date these materials have not gained general 
acceptance in the industry. One of the 
larger plants included in this study is cur- 
rently using water-based resins in the pro- 
duction of gray iron castings, and other 
plants are experimenting with these mate- 
rials. 

Solvents for Parting Compounds.—Sili- 
cone parting compounds or release agents 
are available as water emulsion or as sol- 
vent dispersions. Both types are currently 
in general use for spray-coating shell pat- 
terns. The amount of silicone solids present 
in the spray mixtures vary considerably but 
generally are in the range of 3% to 50% 
by weight. Table 6 lists a number of or- 
ganic solvents which are used with the 
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TABLE 6.—Organic Solvents for Silicone Fluids 


and Compounds 
Acetone * Hexy] ether 
Amy] acetate Isopropyi alcohol * 
Benzene Kerosene 
Butyl alcohol * Methyl ethyl ketone 


Carbon tetrachloride Methylene chloride 
Chloroform Mineral spirits 
Cyclohexane Naphtha 

Dioxane * Orthodichlorobenzene * 
Ethyl alcohol * Perchloroethylene 
Ethylene dichloride Toluene 

Freon 11 Trichlorethylene 

Freon 12 Turpentine 

Gasoline Xylene 


* Partial solvents only for silicone oils having viscosity in 10° 
50 centipoises range. 


silicone compounds and fluids. Almost any 
of these materials are likely to be found in 
use. A considerable number of the solvents 
listed in the Table present serious fire haz- 
ards, and these compounds should not be 
applied to shell-molding equipment in the 
vicinity of open gas flames. Conversely 
the nonflammable compounds and their de- 
composition products present a varying de- 
gree of toxicity and require adequate 
environmental control. There is much to 
be said for the use of the water-emulsion 
type compounds from the health and fire 
standpoint, and some foundries have found 
these to be satisfactory. 

Silicones —The silicone solids which are 
used in parting compounds appear to be of 
little concern from the toxicological view- 
point. Rowe et al.?* reported the results 
of toxicological studies of pure silicones 
and concluded that these compounds pos- 
sess a very low order of toxicity. Horn 
et alt have reported pulmonary complica- 
tions from spraying silicone water repel- 
lents, but their investigation is summarized 
with the statement that “the most irritating 
agent in the final formulation is the petro- 
leum solvent.” The hydrolyzable silicones 
which are more correctly identified as the 
silane compounds, are highly corrosive, but 
these materials do not possess the physical 
properties required for parting agents and, 
therefore, are not likely to be encountered 
in the shell-molding process. 


Tubich et al. 


Fire Hazards.—The shell-molding proc- 
ess involves many flammable liquids which 
are used as solvents to be sprayed or other- 
wise handled in areas near open flames and 
other ignition sources. A number of re- 
ports of explosions and fires resulting in 
extensive damage or death have been re- 
ported.” The storage of solvent barrels in 
the vicinity of melting, pouring, or molding 
operations should be avoided. Safe proce- 
dures for the transfer of flammable liquids 
from drums require the use of a metal-lined 
hose and grounding wire between contain- 
ers. Great caution should be exercised 
when compressed air is used to spray flam- 
mable mixtures for pattern-coating. Cloth- 
ing fires and explosions are very likely to 
occur from this procedure. For small op- 
erations aerosol-propelled silicone products 
can be used to minimize the fire potential in 
spray-coating. Water-emulsion compounds 
offer the best solution to the problem. 

Carbon Monoxide.—Published informa- 
tion regarding the decomposition products 
of phenol formaldehyde resins indicates that 
a substantial quantity of carbon monoxide 
will be produced. Bolton et al.* reported the 
formation of water gas (H2xO0+C3CO+ 
Hz) from the decomposition process at 
resin temperatures exceeding 1,000 F. One 
foundry reports the analysis of resin de- 
composition products at 1,100 F to include 
the following: 1.8% COsx, 6.3% CO, 34.4% 
CHs, 30% HeO, 25.7% No, and 0.5% On, 
and other investigators * report CO concen- 
trations from resin decomposition as high 
as 20%-30%. The presence of substantial 
quantities of carbon monoxide as a decom- 
position product from conventional sand 
molds has also been reported. The U.S. 
Public Health Service study report ® indi- 
cated CO concentrations in the range of 
100-600 ppm at the pouring operations. Air 
concentrations of carbon monoxide at pour- 
ing operations in the shell-molding plants 
were found to be similar. The quantity of 
CO produced appears to be a function of 
the mold temperature and the quantity of 
resin in the sand mixture. 
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The data obtained in this study suggest 
that carbon monoxide is released for short 
periods of time immediately after the pour- 
ing of the metal. The workroom concentra- 
tion rises rapidly during the first two or 
three minutes after pouring and then grad- 
ually diminishes. Complete decomposition 
of the resins in close proximity to the metal 
surface appears to take place. In a floor 
foundry where 
picked up by a payloader and piled together 
for shake-out at a later time, gas emission 


operation castings were 


rates rose sharply as fresh resins came in 
The 


emission of gases continued until the resin 


close contact with the hot castings. 


had been decomposed or the temperature 
of the castings was sufficiently reduced to 
eliminate decomposition. It was found that 
the mold gas emission from shell molds 
being poured on a mechanized line was rela- 
tively short in duration and occurred in two 
or three minutes after pouring. Carbon 
monoxide concentrations in the breathing 
zone of workers in or near these pouring 
areas were found to average from 10 to 50 
ppm. The duration of this exposure is 
likely to be continuous in the mechanized 
plants. 

The study results also indicate that high- 
er carbon monoxide concentrations will be 
developed where the shells are made from 
high-resin-content dry-mix sand as com- 
with 
monoxide studies were conducted in a num- 


pared coated sand mixes. Carbon 


ber of plants using dry-mix  resin-sand, 
where stationary pouring procedures were 
used. Peak breathing-zone carbon monox- 
ide levels reached concentrations of 600-700 


Time After Pouring, Min. 
During ~— — 

Location Pouring 5 15 45 
Pouring area 280 30 
Molding area, 10-30 ft. 

from pouring site <10 10 
Casting storage area, 

100-150 ft. from 

pouring site <10 <10 80 <10 


Readings were repeated during five pouring cycles over a pe- 
riod of approximately four hours. 
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ppm during pouring of these molds. The 
quantity of carbon monoxide produced con- 
taminated the entire molding and cleaning 
areas. Study results, giving average carbon 
monoxide concentration (ppm), obtained in 
one of the floor molding foundries are 
shown in the tabulation. 

In general, it can be stated that local 
exhaust ventilation systems similar to what 
is used for the mechanized operations in 
conventional sand molding will prove satis- 
factory for controlling the decomposition 
products during the pouring of shell molds. 
However, it is 
quantities of 
required to 


also apparent that large 


general exhaust air are 
handle 
products where floor molding methods are 


utilized. 


these decomposition 


It was evident from this study that car- 
bon monoxide is not produced in excessive 
quantities in the curing and bonding of the 
shell molds. The range of CO concentra- 
tions at these locations was 0-50 ppm. The 
concentrations are low: because oven tem- 
peratures are normally held below the point 
where resin decomposition takes place. 

Other Resin-Decomposition Products.— 
The hexamethylenetetramine accelerator 
and phenol formaldehyde resins react at 
these temperatures to produce polymeriza- 
tion of the resins with the release of am- 
monia, phenols, aldehydes, and other gases. 
The highest concentrations of these com- 
pounds were observed at the molding sta- 
tions resulting from curing and bonding of 
the shell molds. Adequate ventilation of 
these operations is required primarily from 
the standpoint of eliminating the nuisance 
The 
findings indicate that breathing-zone con- 
centrations of ammonia, phenol, and alde- 


characteristics of these compounds. 


hydes, both at molding and pouring stations, 
are well below their threshold limit values. 
The ranges of concentrations noted in the 
study were as follows: trace to 12 ppm, 
ammonia; 0.04 to 1.0 ppm, phenol; trace 
to 0.85 ppm, aldehydes. It was found, how- 
ever, that unless a well-designed exhaust 
system is provided, these contaminants pro- 
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duced a very disagreeable and objectionable 
odor particularly at the molding, curing, 
bonding, and pouring operations. 


Shell-Core Molding 


Shell-core molding is rapidly becoming 
another useful foundry production process. 
One of its main advantages is that the 
cores can be used immediately after mold- 
ing, thus eliminating the long baking pro- 
cedure and costly core-baking equipment. 
In addition to their use in shell molds, it 
is predicted that the greatest use of shell 
cores will be for use in conventional sand 
molds. 

Shell-core molding has been developed 
during the past few years; therefore, only 
a few foundries are at present utilizing this 
process. Limited air samples were obtained 
at a high-production automotive foundry 
operating 20 shell-core molding machines. 
The following data are consequently repre- 
sentative of high production operations with 
a large number of core molding machines 
located in close proximity to each other. 

Coated sand, as previously described, is 
The air- 
borne free silica dust concentrations were 
in the range of 19% to 25%, and the aver- 
age free silica concentration of the settled 
dust was 45%. 


essential for shell-core molding. 


The dust concentrations at 
sand conditioning ranged from 20,000,000 
to 45,000,000 particles per cubic foot of air 
(MPPCF), the average being 30.0 MPPCF. 
The dust concentration at the shell-core 
molding operations ranged from 5 to 23 
MPPCF, with an of 13 
MPPCF. 

At the operators’ breathing levels the 
values found for carbon monoxide were 10 
to 60 ppm; aldehydes, 2 to 4 ppm; ammo- 
nia, 7 to 25 ppm, and phenols, less than 
1 ppm. 


average value 


Dermatitis 
The phenol formaldehyde resins normal- 
ly used in the shell-molding process have 
long been recognized as causative agents 
of dermatitis in industry. The free formal- 


Tubich et al. 


dehyde and the hexamethylenetetramine 
which was present in the resin and in the 
vapor emitted during curing of the resins 
are considered to be the primary cause of 
the skin irritation. In the shell-molding 
process the problem is further complicated 
by workroom exposures to solvents and 
chemical additives. ' 

Previous investigations by Markuson et 
al.” report dermatitis incidence among a 
large group of workers exposed to phenol 
formaldehyde resins as being as high as one 
person in six. In the shell-molding process 
the incidence molders and 
muller operators was found to be slightly 
greater than this ratio. 


ratio among 
A decreased inci- 
dence ratio was observed among workers 
engaged in maintenance and metal-pouring 
operations. 

The distribution of the skin rash on the 
body was found to be primarily in exposed 
areas where skin contact with the vapors or 
resins was most likely. Because of the 
heat associated in both mulling and molding 
operations most workers wear short-sleeved 
shirts, and this tends to aggravate the diffi- 
culty. The personal susceptibility factor 
appears to play a rather important part in 
this problem. Most of the plants visited 
indicated that the primary solution to the 
dermatitis problem was achieved through 
selection of certain workers who could tol- 
erate the exposure to the resin materials. 
A control program is essential to reduce 
the incidence of dermatitis. 


Comment on Atmospheric Contaminants 


Dust.—One of the advantages claimed 
for shell molding is that about 80% less 
sand is used, and therefore dust concentra- 
tions in the foundry atmosphere would be 
considerably reduced. The results of this 
study do not substantiate this claim. The 
data found show approximately 45% of 
the dust concentrations to be greater than 
20 MPPCF. The high dust concentrations 


are due to the use of sand in a dry state in 
all steps of the process and lack of adequate 
dust-control measures. 
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Ory blending {Oust control) 

Exhaust,Q Mixer diameter 
(ctm) (feet) 

650 


/0 


2. Cold coating (Alcohol vapor control) 
Exhaust volume, Qifctm)= 1./Qe 


x Qe= sufficient supply air to keep 
| air- solvent mixture to within maximum 
Li of 25% of lower explosive limit. Where 
feep door closed when exhoust 
ond supply volumes balonced water emulsion is used, supply air 
Dependence upon open door for volume and temperature is function 


Dust suppressants were used at some 
mixing operations. These materials had 
little effect in reducing dust concentrations. 
Some of the highest concentrations were 
found at those foundries utilizing dust sup- 
pressants as the sole control measures. 

Previous studies * to determine air-borne 
dust particle size in ferrous foundries have 
shown the average geometric mean by light- 
field sizing methods to range from 0.5u to 
1.7». Data shown in Figure 7 are within 
this range. No data are available on what 
effect, if any, may be attributed to the lp 
coating thickness of completely polymerized 
phenolic resin on the sand particle. 

The average free silica content of Juniata 
Bank sand used for shell molding is 64%. 
Studies * of conventional foundry molding 
sands show the average free silica content 
to be slightly higher, about 75%. However, 
the free silica content of air-borne dust for 
both types of foundry operations was of 
the same order of magnitude. In the event 
a more refractory sand is used for shell 
molding, the free silica content of air-borne 
dust may be slightly higher. 

Based on the dust concentrations, par- 
ticle size, and free silica content of the 
air-borne dust found in this study, it must 
be concluded that the silicosis risk from 
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entry of solvent dilution oir is 
Ond/or other resin vehicle nazordous. 


Fig. 9—Ventilation design for resin-sand mixing (muller). 


of drying conditions required 
3. Duct velocity = 3500 fpm, min. 


4. Entry loss = 0.25 VP - 


shell-molding operations is different 
than the risk in conventional foundry op- 
erations. 

The high concentration of combustible 
resin at sand conditioning by the dry-blend- 
ing method indicates a potential dust ex- 
plosion hazard. Hartman! states that the 
minimum explosive concentration of phe- 
nolic resins, similar to those used in shell 
molding, is in the range of 0.025 to 0.040 
oz. per cubic foot. The explosive range 
applies to phenolic resins of —200-mesh 
fractions. shell-mold resins are 
—270-mesh with the average particle size 
in the range of 10u to 20u. From the data 
provided, it is not possible to make a direct 
comparison of the minimum explosive con- 
centrations. Since particle size is an im- 
portant factor in dust explosions, the 
smaller sizes of the shell-molding resin may 
reduce the above values. 

Settled dust caused a dust explosion in 
one of the plants studied. Maintenance 
men working overhead in the area of sand 
conditioning and shell molding disturbed a 
three-year accumulation of resin-sand dust 
on the rafters. The dust cloud was ignited 
by the gas flame in the shell-curing ovens. 
The practice of blowing down dust with 
compressed air may create explosive dust 
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clouds. Removal of this accumulated dust 
by vacuum is strongly recommended. 

Solvents—One of the most serious prob- 
lems which exist in the shell-molding proc- 
ess results from the wide variety and types 
of solvents used for silicone and resin 
dispersal. The use of benzene or carbon 
tetrachloride as diluents for silicones is 
particularly hazardous. Most solvents in 
use possess toxicological properties, and 
some possess serious fire risk. The use of 
alcohol in sand coating was not found to be 
a health hazard because of the adequate 
ventilation provided. An explosion hazard 
exists in sand coating unless ventilation 
control is designed on the basis of main- 
taining less than 25% of the lower explo- 
sive limit for alcohol at all times. 

Carbon Monoxide.-—Carbon monoxide 
exposure at the pouring operations were 
excessive where floor molding procedures 
were practiced. Contamination of adjacent 
areas may create problems at molding, 
sand-conditioning, and casting-cleaning op- 
erations. Molding of shells does not create 
excessive carbon monoxide exposures. 

Other Resin-Decomposition Products.— 
Breakdown components of the resins in- 
clude irritating gases which in themselves 
may not be a problem; however, the irritat- 
ing effect of these products is such that 
effective ventilation control is recommended 
from the personal comfort standpoint. In 


2. Duct velocity « 3500 fpm, min. 
3. Entry loss 0.50 VP 
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1. Exhaust volume, Q = 150-200 cfm/sq ft (gross) of lid opening 


addition, the effect of low-level concentra- 
tion of these irritants for long periods of 
time may produce chronic irritation to the 
mucosa and affect ciliary activity. This may 
tend to increase the lung burden through 
reduction of the efficiency of the lung-clean- 
ing mechanism. 


Recommendations 


A summary of recommendations for con- 
trolling dust and solvent-vapor exposure is 
presented. Detailed information on ventila- 
tion is given in the section that follows. 

1. Provide local exhaust ventilation for 
sand-conditioning, shell-molding, shell-cur- 
ing, and gluing, pouring, and shake-out 
procedures. 

2. Provide local exhaust ventilation based 
on solvent-vapor control at sand condition- 
ing where alcohol-resin mixtures are em- 
ployed. 

3. Select safe diluent for silicone parting 
compounds. 


4. Provide good housekeeping program 
to prevent accumulation of combustible 
dust. 

5. Initiate an effective dermatitis control 
program as follows: 

(a.) All workers and particularly those 
who come in contact with powdered or 
liquid resins should practice strict personal 
hygiene. Readily accessible washing facili- 


Fig. 10.-— Ventilation 
design for dry mixing of 
resin-sand (blender). 
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ties should be provided to facilitate this 
practice. 

(b.) Effective ventilation systems should 
be provided to minimize skin contact with 
the resin dust and vapors at all operations, 
including the curing or bonding operations. 

(c.) Personal protection devices, such as 
cotton gloves and sleeves, provide a satis- 
factory means of reducing skin contact 
with the resin and resin vapor materials. 
The face and the neck can be further pro- 
tected with water-repellent barrier creams. 

(d.) Workmen with active 
should removed from 
and should be referred to a physician for 
treatment. 
men may be reassigned to the area provid- 


dermatitis 


be resin exposure 


After complete recovery these 


ing proper protective devices are utilized. 
They should then be observed carefully for 
sensitivity reactions and should be removed 
immediately when indications of this reac- 
tion exist. 


Ventilation Control of Atmospheric 
Contaminants 


Introduction.—There is 
with the fact that considerably less sand is 


no argument 
used in the shell-molding process than with 
conventional foundry molding techniques, 
but the premise that the shell-molding proc- 
ess necessarily lends itself to a cleaner 
workroom environment and accordingly a 
minimized occupational health hazard has 
already been refuted. Properly designed 
ventilation control systems should be ap- 
plied to sand conditioning, shell molding, 
shell curing, gluing, and, in some instances, 
resin weighing and formulation prepara- 
tion. The following comments on ventila- 
tion control measures for the shell-molding 
process are specific to those operations not 
common to conventional foundry practice. 
Reference is made to the Industrial 
Ventilation Manual,!' published by the 
American Conference of Governmental In- 
dustrial Hygienists, for detailed design in- 
formation pertaining to ventilation control 
of foundry operations in general. 
Resin-Sand_ Preparation.—Effective in- 
termixing of the resin preparation with 
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sand is necessary to produce acceptable 
shell molds on the heated pattern, and such 
mixing is accomplished in the conventional 
foundry sand muller, cone blenders, and 
rotating drum-type mixers. The resin prep- 
arations are added either as dry powder, 
coarsely ground, or in solution form where 
alcohol is usually the solvent. Water-solu- 
ble resins are also in limited use. 
Depending upon the type of resin intro- 
duced into the mixing unit, the contami- 
nants emitted which necessitate proper 
control are silica dust, resin dust, and alco- 
hol vapor. The latter is simply a solvent 
carrier which is evaporated during the 
resin-sand mixing process. 
The conven- 
tional foundry sand muller is commonly 


Dry Blending.—Muller: 
used for resin-sand mixing and is suited to 
dry-blending procedures. Satisfactory dust 
control can be provided at the muller with 
the use of local exhaust ventilation as 
shown in Section 1 of Figure 9. 
Twin-Cone Blender: During operation 
the twin-cone apparatus rotates, 
and when properly sealed there is no dust- 
emission problem. 


blender 


However, considerable 
difficulty due to dust emission is encoun- 
tered during loading of the blender, usually 
from a skip hoist into a top opening, and 
during unloading of the blender into a 
transfer hopper. As shown in Figure 10, 
it is necessary that during loading a flexible 
take-off duct be connected to the blender at 
the loading point and that during unloading 
a similar flexible take-off duct be connected 
to the covered transfer hopper so as to pick 
up the displaced air. Unless these precau- 
tions are taken a severe dust problem de- 
velops. 

Drum 
The _rotary-drum blender 
(closed ends) can present a dust-emission 
problem if not properly sealed and serves 
as a dust-emission source during the load- 
ing and unloading cycle. The material trans- 
fer points require appropriate ventilation 
control. The open-end rotary blender re- 
quires ventilation control during blending 


Closed and Open-End Rotary 


Blenders: 
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~ Rear, side or top take-off 


may be used depending 
upon clearance available 


Side 


2. Duct velocity = 3500 fpm, min. 


and when being loaded and unloaded. Local- 
ly exhausted enclosing type booths can be 
applied to either of these rotating units with 
satisfactory results. 

Cold or Hot Coating.—Cold Coating: 
The special problem associated with this 
coating process involves drying. 
Where alcohol or similar solvents are used, 
it is necessary that this alcohol be driven 
off and the molding sand unloaded in a dry 
as well as thoroughly mixed state. Where 
a water-emulsion is used, moisture instead 
of the flammable solvent is necessarily 
driven off, and here again the criteria of 
a satisfactory blending is a dry and thor- 
oughly mixed product. The alcohol used 
in cold coating is driven off by the hot air 
passed into the muller during the average 
10-minute mulling period, with most of the 
alcohol vaporized and emitted during the 
2d and 3d minutes of the cycle. As illus- 
trated in Figure 9, the exhaust volume from 
the muller is based upon the supply air flow 
rate. The basic design criterion is to sup- 
ply a sufficient amount of air to the muller 
so as to keep the alcohol-air concentration 
to a level which does not exceed 25% of 
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1 Exhaust volume, Q = 125-150 cfm/sq ft booth face opening 


3. Entry loss = 0.25 VP (for 90° included angle) 


11. — Ventilation 
design for shell-molding 
machine, 


Fig. 


Back 


the lower explosive limit. For design pur- 
poses it is satisfactory to assume that al- 
most all of the alcohol used in the mix is 
evaporated within a two-minute period and 
further to limit the heat input so as to 
prevent the resin-sand mix from exceeding 
a temperature of 200 F. A typical calcula- 
tion of muller exhaust volume and_ heat 
input follows. 

Example: 6’D muller, 400 Ib. sand, 19 Ib. 
phenolic resin, and 8 Ib. ethyl alcohol 
(CsH;OH with L.E.L. of 3.28%), base 
supply Q on two-minute drive—off time for 
alcohol and BTU input on maximum resin- 
sand temperature of 200 F. 

a. Volume of C2H;OH vaporized during 
cycle: 


8 Ib. alcohol 393 cu. ft. . 
? 
46 lb./lb. mol “> Ib, mol 68.4 cu. ft./2 minutes 


or 34.2 cu. ft. per minute. 
b. Air supply, Qe 


34.2 100 
9.25 x 3.28 4180 cfm 


c. Exhaust, 0,;=1.1 Qe 
O,=1.1*4,180=4,600 cfm 
d. Assuming 50% heat exchange efficien- 
cy in muller and maximum batch tempera- 
ture attained in two minutes, BTU input= 
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400 th._sand  (180—70F) X0.19 BTU/Ib. F+ resin 


(180—70F) X0.3 BTU/lb.F=4,494 BTU per minute 


4,494 
0.50 

Where a water emulsion is used the sup- 
ply air volume is based on the amount of 
moisture to be driven off and the degree of 
dryness to be attained. Again the maximum 
resin-sand mix temperature factor (heat 
input) should be considered so as to prevent 
any polymerization within the mixing unit. 

Hot Coating: Local exhaust ventilation 
for this mixing process which is convention- 
ally done in a muller is illustrated in Figure 
9. As in the cold-coating process, the ex- 
haust volume is based on the amount of 
heated air supplied, but since no supply air 
dilution factor is involved the volume ex- 
hausted is considerably reduced. 

Molding, Curing, and Gluing.—Molding : 
The molding machine is essentially a mech- 
anized dump box and is a dust-emission 
source by virtue of the several material 
transfer locations built into it. The opera- 
tion is dusty, and the heat of the pattern 
causes the emission of monomers and de- 
composition products. Local exhaust venti- 
lation is required in order to maintain 
control of the contaminants given off, and 


Leave front open if 
+ mecessary to eliminate 


interference with 


operator 


=8,988 BTU per minute at 50% efficiency 


this is best applied in the form of an en- 
closing type booth with only one face open- 
ing, as is illustrated in Figure 11. The 
ventilation take-off can be located at the 
top or the rear or the sides of the enclosing 
hood, depending upon method of operation 
and clearances available. 

Curing: The shell section, upon being 
molded on the hot pattern, is automatically 
rotated into an adjacent oven where the 
resin binder is polymerized. Resin com- 
ponents, such as phenol and formaldehyde 
and other resin decomposition products, are 
given off during the curing cycle and are 
particularly apparent when the cured shell 
section is swung out of the oven into posi- 
tion for removal. The gas emission is readily 
visible. Figure 12 illustrates a canopy type 
hood which can be successfully applied to 
the oven as a means of controlling the con- 
taminant given off. The design volume 
should include a product of combusion fac- 
tor. 


Gluing: Although some open-face mold- 
ing is done with a single-shell section, most 


CS 


Fig. 12.— Ventilation 


Lid activating 
mechanism 


design for shell-mold 
curing oven. 


41 Exhaust volume, Q= /50 ctm/sq ft hood face plus 
products of combustion 


2. Duct velocity = 2000 fpm 
3. Entry loss * 0.25 VP 
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Exhaust volume, Q cfm/sq ft hood face 
2. Duct velocity = 2000 fpm 
3 Entry loss * 0.25 VP 
Fig. 13.—Ventilation design for shell-mold gluing 
operation. 


castings are produced in hollow molds which 
require the fastening of the cope- and drag- 
shell sections. Originally done with spring 
clips or clamps, the fastening techniques 
now involve a simple gluing procedure, util- 
izing a resin adhesive which is cured under 
low pressure. Figure 13 illustrates a gluing 
machine to which ventilation control is ap- 
plied in the form of a side-draft hood. The 
basic ventilation design consists of enclosing 
the machine on the back, the two sides, and 
the top and utilizing the rear or top exhaust 
take-off. During curing a _ considerable 
amount of decomposition products are given 
off, and, unless ventilation control is main- 
tained, the presence of irritable decomposi- 
tion products is easily detectable. 

Shell Core Molding.—This process for 
making cores is finding increased use. Both 
particulate and gaseous contaminants are 
released in significant quantities and local 
exhaust ventilation is required for control 
purposes. The machines observed in opera- 
tion to date can be readily enclosed within 
a small hood similar to that used for the 
shell-gluing operation, as illustrated in Fig- 
ure 13. The design exhaust volume is also 
the same, 150 cfm per square foot of hood 
face opening. 

Other Operations—The reader is re- 
ferred to the Industrial Ventilation Man- 
ual!! for information concerning the 
ventilation control procedures to be applied 
to those foundry operations not discussed 
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in detail. With the exception of a reduced 
amount of sand handled and those opera- 
tions specific to the making of the shell 
molds, there is no disparity between the 
shell process and other common foundry 
procedures. In the shell-molding plant one 
experiences typical dust problems as created 
by material handling techniques, shake-out, 
cleaning operations, and poor housekeeping 
practices. Metal fumes are given off during 
the melting and pouring of metal, as are 
carbon monoxide and resin decomposition 
products after the pouring cycle. 

Make-Up Air—lIt is necessary that a 
volume of tempered make-up air equal to 
the volume exhausted from the shell-mold- 
ing plant be supplied as a means of elim- 
inating the negative pressure condition 
which would otherwise develop. Such a 
negative pressure condition results in cold 
drafts of air entering through all building 
openings during the cold weather months 
causing worker discomfort, upsetting the 
ventilation control measures, and making 
the plant impossible to heat evenly. Such a 
negative pressure condition also imposes an 
increased static pressure load on the fan 
equipment, further handicapping the ventila- 
tion control equipment. The provision of 
tempered make-up air should be considered 
an integral part of the ventilation control 
system and installed at the same time that 
the exhaust ventilation equipment is pro- 
vided. - 

Air-Cleaning Equipment.—It is necessary 
that the contaminants given off at the vari- 
ous shell-molding processes be exhausted 
from the workroom so as to protect the 
workers. It would not do to exhaust these 
contaminants directly to the outside, thereby 
creating a neighborhood air-pollution prob- 
lem. It is necessary that properly designed 
air-cleaning equipment be applied to both 
the particulate materials and the metal 
fumes as a means of recovering the con- 
taminants before they are disseminated out- 
doors. The fabric filter is well suited to the 
dust-producing operations in the shell-mold- 
ing plant, and both dry and wet centrifugal 
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collection also applicable. 
The wet type collectors will materially as- 
sist in reducing the air pollution created by 
cupola melting of metal. Wet, fabric, and 
electrostatic precipitation type collectors can 


equipment is 


be successfully applied to most types of 
melting operations. 


Summary 


The shell-molding process does not re- 
duce dust concentrations in the foundry 
environment. Forty-five per cent of the dust 
concentrations exceeded 20,000,000 particles 
per cubic foot of air. 

Free silica content of molding materials 
and air-borne dust and the particle size are 
similar in both shell-molding and conven- 
tional foundry operations. 

A potential explosion hazard is present 
during sand conditioning with alcohol-resin 
from the 
building structure of dust containing a high 


mixtures and accumulation on 
percentage of combustible resin material. 

The silicone parting compounds are fur- 
nished with a wide variety of diluents, some 
of which possess toxic properties. 

Significant quantities of carbon monoxide 
are present during pouring and shake-out 
operations. Phenols, aldehydes, and ammonia 
are not a major health problem. 

A significant percentage of the employees 
contract dermatitis from the resin. 

A series of drawings are presented to 


show how specific dust and solvent-vapor 
problems may be controlled. 
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Morphogenesis of Pneumoconiosis Occurring in 


Southern Illinois Bituminous Workers 


JOHN P. WYATT, M.D., St. Louis 
With the Technical Assistance of Vernon W. Fischer 


Although the “black lungs” of coal miners 
observed at autopsies were identified! with 
coal mining as early as 1831, informed 
opinion from 1900 to the present time has 
repeatedly incriminated silica as the injuri- 
ous agent responsible for the morbid an- 
atomical alterations within the lung.** A 
reversal of this viewpoint has been brought 
about through the recent comprehensive 
studies of chronic pulmonary disease in 
miners working the South Wales coal 
fields.>* 

The nature and existence of coal work- 
ers’ pneumoconioses observed in United 
States coal fields has rested in the main 
or clinical 
inferences.® Correlative anatomical —tech- 


upon physiological recordings 


niques and, in particular, whole-lung macro- 
sections, which Gough used to graphically 
delineate the pneumoconiosis in South 
Wales’ coal workers, have not been utilized 
in “industrial lung” centers of America. 

In this communication, six cases have 
been selected to establish the existence and 
structural pattern of the pneumoconiosis 
observed in Southern Illinois coal fields. 
Comparison of these anatomic patterns with 
the focal emphysema observed in the South 
Wales coal workers and the generalized 
focal emphysema in nonindustrial groups 
establishes a basic pathogenetic mechanism 
accountable for the koniotic emphysema in 
Secuthern Illinois coal miners. 
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Materials and Methods 


The analytic morphological techniques used in 
the preparation of this material have been previ- 
ously described.” In this manuscript the emphasis 
has been placed on whole-lung sections prepared 
from formalin-insufflated lungs in which the pul- 
monary arteries and veins had been previously 
injected with red and blue latex, respectively. 
This latter procedure greatly facilitated the anat- 
omical localization of lung lesions. One-inch 
whole-lung slices were then infiltrated with gela- 
tin, frozen, and cut at 200u. These sections were 
mounted on large sheets of translucent paper. 
Extensive stereoscopic and serial histologic prep- 
arations were used to amplify and detail the mac- 
roscopic features of the whole-lung parchment. 
Infrared photography was used to emphasize the 
mineral pattern of the whole-lung section. Total 
silica and “chemically reactive” silica in the lung 
were determined by McNally’s" and King’s tech- 
niques.” 

Case I.—A 49-year-old man (No. 135) had worked 
for a period of 12 years at the coal face as a 
shot-firer. All of this time had been spent ex- 
clusively in the Illinois bituminous coal fields. 
At no time had there been any complaints of 
breathlessness. Death occurred suddenly one eve- 
ning after completion of the day shift. Autopsy 
revealed acute coronary thrombosis, without histo- 
logical evidence of myocardial infarction. Exam- 
ination of the lungs revealed an early stage of 
pneumoconiosis with extremely early generalized 
focal emphysema (Fig. 1) without right ventric- 
ular hypertrophy. 

Case II.—A 69-year-old white man (No. 318) 
had worked at the coal face of Illinois coal fields 
for 30 years. No complaints of dyspnea, wheezing, 
or expectoration of black sputum were ever made 
On a vacation in St. Louis he died suddenly of 
massive gastric hemorrhage. Autopsy per- 
formed on the medicolegal service, and a modest 
degree of coal workers’ pneumoconiosis without 
hypertrophy of the right ventricle was discovered 
(Figs. 2A and 2B). 

Case IIL—A 69-year-old white man (No. 192) 
worked for many years in an Illinois coal field. 
Shortness of breath, attacks of wheezing, and 
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Fig. 1.—Focal concen- 
trations of black pigment 
around terminal bronchi- 
oles which are central 
lobular in situation, as- 
sociated with early focal 
emphysema. Whole lung 
section; 200u thick, un- 
stained, ™% natural size. 
Reduced 12% of the orig- 
inal. 


Fig. 2A.—Whole lung 
paper-mounted section 
showing generalized dis- 
tribution of coal dust. 
Unstained, 4% natural 
size. 
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black sputum were the only complaints over the 
last five years of the patient’s life. Death was at- 
tributed to acute bacterial bronchopneumonia. Au- 
topsy confirmed the presence of a moderately 
advanced macular pattern of “coal workers’ emphy- 
sema” (Fig. 3). Postmortem examination revealed 
acute bronchopneumonia in the basal lung regions 
and chronic lymphatic leukemia. No right ventric- 
ular hypertrophy was noted at the autopsy. Analy- 
sis for total and “chemically reactive” silica was 
not at a significant level. 


Case I1V.—A man (No. 39) aged 71 at time of 
death, had been retired from the mines six years. 
He had been employed in the soft coal fields of 
Illinois 50 years and had always worked under- 
ground as an electrician and repairman. Although 
near the coal face, he had never worked as a 
driller, shot-firer, sander, or loader. Progressive 
shortness of breath was a prominent complaint 
for the last nine years of life. At autopsy an 
advanced coal workers’ pneumoconiosis was dis- 
covered, in association with several areas of con- 
fluent fibrosis. Hypertrophy of the right ventricle 
was a noteworthy feature (Figs. 4A and 4B). De- 
termination of free silica by King’s picrate method 
was not of significance. 

Case V.—A 78-year-old white man (No. 197) 
worked between the ages of 21-26 in Southern 
Illinois coal fields, but the rest of his life was 
in a sedentary occupation, free from dust. First 
admission to hospital was due to a myocardial 
bundle branch block and Klebsiella pneumonitis 
six years before death. Repeated admissions to 
the hospital were made, chiefly due to recurrent 
bouts of pneumonia and astianatic shortness of 


Wyatt 


Fig. 2B.—High-power view of paper- 
mounted whole lung section in Figure 
2A reveals secondary lobules of Miller 
outlined by blackened connective tissue 
septas. Centrally situated respiratory 
bronchioles are dilated and outlined by 
coal dust. Unstained, X 3. 


breath. At no time was clinical evidence of second- 
ary polycythemia Final illness and 
death was attributed to an extensive bronchopneu- 
monic process. Autopsy revealed a modest degree 
of right ventricular hypertrophy. Focal emphysema 
with an intimate association to sparse coal macules 
was observed (Figs. 5A and 5B), but large em- 
physematous areas throughout the anterior half 
of the lung were free of such a relationship. The 
total silica and “chemically reactive free silica” 
was not at a significant level. 

Case VI—A 70-year-old man (No. 215) com- 
plained of cough and shortness of breath for 10 
years prior to death. The deceased had worked 
4 years in Montana coal fields, but for the last 
32 years he had worked as an underground coal 
loader in Southern Illinois coal mines. Both fields 
were of the bituminous variety. Radiological ex- 
amination showed emphysema in February, 1955 
Pulmonary function studies revealed: 

1954 

54% 

27% 
9.2% 5.8% 
62.5% 66% 

Hematologic examination showed a slight ele- 
vation of red blood cell count to 5.03 M and 
hemoglobin of 13.8 gm. Patient died suddenly 
with signs of congestive failure. There was no 


discovered. 


1956 
106% 
53% 
18% 


Total lung volume 

Vital capacity 

Maximum breathing capacity 
Alveolar Nz 


Residual air 


morphologic evidence of right ventricular enlarge- 
ment. Coal macules were sparse, but the degree 
of emphysema was extensive with numerous bul- 


lous fields (Fig. 6). By weight analysis the right 
ventricle to septum-left ventricle ratio was normal 
(1 to 3.1). 
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Fig. 3—Diffuse focal 
emphysema in close as- 
sociation with macules 
and masses of coal pig- 
ment. Subpleural emphy- 
sema pronounced along 
lateral margins. Whole 
lung section; 200y, un- 
stained, 1% natural size. 
Reduced 8% of the orig- 
inal. 


Case VII.—A 69-year-old man, a grocery sales- 
man for 42 years, complained of shortness of 
breath and wheezing for three years before death. 
Death was due to carcinoma of the stomach. 
Whole-lung section revealed the distinctive pattern 
of generalized focal (centrilobular) emphysema, 
unrelated to coal, and is included for visual pur- 
poses of comparison with coal workers’ focal 
(centrilobular) emphysema (Fig. 7). 


Results 


The macrosection technique reaffirms the 
observation of Craig,’ in 1834, that “the 
best manner to ascertain the relationship 
between the black matter and dilated air 
cells was to inflate the lungs.” With the use 


58/448 


of the whole-lung paper section, anatomical 
outlines of Miller’s secondary lobule ™ are 
readily recognized (Fig. 2B). The second- 
ary lobule is made up of numerous primary 
lobule groups composed of terminal air sacs, 
atria, and alveolar air ducts. These primary 
lobule groups occupy the outer portions of 
Miller’s secondary lobule. The central por- 
tion is the site in which the terminal bron- 
chioles are concentrated. On the average, 
the secondary lobule of Miller is composed 
of eight to a dozen or more terminal bron- 
chioles centrally situated. It is at this 
anatomical locus that the trichotomous di- 
vision of respiratory bronchioles occurs, 
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with each respiratory bronchiole of the third 
order giving’ rise to three primary air 
lobules, 

Macklin ° has demonstrated that the con- 
centration of dust occurs at the respiratory 
bronchiole, and it is at this site that the root- 


lets of the lung lymphatic system arise. 
With the accumulation of carbonaceous ma- 
terial at these centrally situated sites within 
the secondary lobule, it is readily discernible 
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Fig. 4A.—Diffuse and ad- 
vanced focal emphysema asso- 
ciated with limited number of 
coal macules. Lower lobe; 34 
natural size; unstained macro- 
section. 


that if the lesion of primacy is confined to 
the respiratory bronchioles, the major con- 
centration of the components of the disease, 
dust and emphysema, will be in the middle 
portions of the secondary lobule (Fig. 2B). 

It has been found that the stellate coal 
indelible lesion 
(Figs. 5B, 9, and 10), clearly establishing 
an exposure to carbonaceous materials. The 
lung in Case I, from a soft coal worker, 


macule is invaluable, 
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delineates the beginnings of generalized 
centrilobular emphysema. The carbonaceous 
material shows an_ early concentration 
around terminal bronchiolar sites. Cases IT, 
III, and IV illustrate patterns identical to 
those drawn from the coal fields of South 
Wales. As the anatomical situation and 
histological features of the coal macule have 
been documented previously from examina- 
tions of the lungs of South Wales coal 
miners,’ nothing is to be gained by a repeti- 
tive morphologic description. From the 
macroscopic anatomy it should be empha- 
sized that not only is there a focalized zone 
of emphysema around the terminal respira- 
tory bronchiole, but the placement of the 
emphysema locus within the secondary lung 
lobule is an outstanding anatomic feature 
(Fig. 8). 

As a natural extension of macroanatomy, 
stereoscopic studies were undertaken. In 
early cases of coal workers’ pneumoconiosis, 
a ridging and stiffening of the terminal 
respiratory bronchioles due to the intense 
concentrations of coal is noted. In fresh 
or formalin-insufflated specimens, the sur- 
rounding lobular tissue falls away from the 
rigid, dilated, blackened bronchioles. With 
progression of the disease, a disappearance 
of the terminal bronchioles into surrounding 
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Fig. 4B.— Punched-out 
foci with coal macule as- 
sociations; X 2. Reduced 
12% of the original. 


air sacs is noted, forming irregular bron- 
chiolar air pockets, giving rise to confluent 
air spaces. At this stage the helical muscle 
fibers around the bronchiole are found to 
be stretched, ruptured, or incomplete, with 
numerous fractures and mural outpouch- 
ings. The intense concentrations of coal may 
obscure the details of the finer ramifications 
of the terminal bronchioles, but the foci 
of emphysema identify the sites of the 
terminal respiratory bronchioles through the 
formation of cavernous labyrinths (Fig. 8). 

With serial histologic sections the col- 
lection and accumulation of dusts on the 
outside of the bronchiolar wall is the dom- 
inant feature of coal workers’ generalized 
koniotic emphysema. Our histologic material 
reaffirms, in every detail, the evidence of 
Heppleston that a dust envelope ensheaths 
the respiratory bronchiole from its first 
order out to the third order and produces 
the characteristic appearance of an abnor- 
mally patent respiratory bronchiole. The 
ectasia of the third order of the respiratory 
bronchiole is strikingly evident (Figs. 9 
and 10). 

Although the communion of focal (cen- 
trilobular) emphysema with the stellate 
black macule of coal presents a singular 
associative lesion (Figs. 5B, 9, and 10), it 


Vol. 21, May, 1960 


4 
a 


Fig. 5A.—Emphysema, pre- 
dominantly centrilobular, 
throughout the lung. Macules 
of coal pigmentation sparsely 
scattered throughout. Marginal 
and basilar areas free of macu- 
lar pattern. Whole lung  sec- 
tion; % natural size, unstained. 


does not of itself constitute the complete 
portrayal of disabling emphysema in _bi- 
tuminous coal workers of Southern Illinois. 
The centrilobular situation of airpools, with 
the incorporation and eventual disappear- 
ance of the terminal bronchiolar divisions 
into these foci is a structural derangement 
shared by soft coal workers and middle- 
aged emphysematous males without an in- 
dustrial dust exposure. 
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In the selected cases of advanced emphy- 
sema, Cases V and VI, although the coal 
macule was found in some of the bullous 
fields, it is apparent that the amount of 
carbonaceous material and the distribution 
of emphysema produced a different macro- 
pattern from the classical focal emphysema 
of the South Wales coal mines. In Case V 
the concentration of the centrilobular em- 
physema with accentuated bullous fields at 
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Fig. 6—Extreme gen- 
eralized emphysema, pre- 
dominantly — centrilobular 
type. Coal pigment asso- 
ciated with apical trac- 
tional scar; limited con- 
centrations of macules in 
posterior half of lung 
(top of macrosection). 
Macrosection of whole 


lung; 4 natural size, un- 
stained. Reduced 12% of 
the original. 
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Fig. 5B.—Squared area 
from Figure 5A, enlarged, 
revealing central black 
macule surrounded by 
clear, large, punched-out 
foci of centrilobular em- 
physema. Pulmonary ar- 
terial vessels filled with 
homogenous latex; X 2. 
Reduced 12% of the orig- 
inal. 
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Fig. 8—The punched-out black 
foci representing massive accumu- 
lations of coal showing central 
lobular location as indicated by 
lobular arteries filled with latex 
(white). Stereoscopic; X 20. 


Fig. 7—An advanced 
form of generalized cen- 
trilobular emphysema, il- 
lustrating the focal 
“punched-out” pattern of 
emphysema observed in 
the noncoal workers as 
compared with the soft 
coal workers’ koniotic 
emphysema. Reduced 29% 
of the original. 


Fig. 9—Lung with three characteristic 


coal 


macules 


surrounded by  focalized 


emphysema. Intervening lung parenchyma 


normal. Hematoxylin and eosin; 20 
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the apical and marginal areas and in Case 
VI the segmental pattern of bullous fields 
were pathologic features which readily re- 


called the generalized nonindustrial centri- 
lobular emphysema observed in men (Fig. 

The characteristic features which distin- 
guish the three forms of generalized central 
lobular emphysema are shown in the Table. 


Comment 

In the United States many investigators 
have rejected the thesis that advanced de- 
grees of “anthracosis” produced a morbid 
structural alteration, although Oskar Klotz 
reported, in 1914, that “when the amount 
of carbon within the tissues has increased 
beyond a certain degree, definite tissue 
changes will result.” Apart from Hepples- 
ton’s ® reference to a few instances of coal 
workers’ pneumoconiosis occurring in Penn- 
sylvanian anthracite miners, the morpho- 
logical recordings from American sources 
have been limited to clinical objectives and 
functional appraisal of pulmonary disabil- 
ity. Consideration of the conflicting reports 
on coal workers’ pneumoconioses observed 
in major coal fields in the United States, 
drawn from West Virginia,* Pennsylvania, 
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Fig. 10.—Centrally sit- 
uated coal macule from 
Figure 9, with dust en- 
sheathing and dilating 
several respiratory bron- 
chioles of the third or- 
der (by serial section), 
creating morphological 
appearances of focal em- 
physema. No fibrosis as- 
sociated with coal macule. 
Hematoxylin and eosin; 


120. 


Alabama,'? and Utah areas,!® emphasizes 
the need of assessing the lung disability 
existent in these areas in terms of the coal 
macule-emphysema focus rather than con- 


Distinguishing Features in Coal Workers’ and 
Nonindustrial Centrilobular Emphysema 


Nonindustrial 
S. Wales ©" Centrilobular 
55-75 


Anatomic 
distribution 


Patchy, local- 
ized, or 
diffuse 


Secondary lobu- 
lar situation 


Central Central 


Coal macule 
formations 


“Dust/emphy- 
sema ratio” 


Bronchiolar 
lesion 


Bronchiolitis 
Massive fibrosis 
Cor pulmonale 


Cause of death Often un- 


related to 
lung 
disease 


Absent in 80% 
of cases 


1:12 


Dilata- 
tion 


Dilatation & 
destruction 


Absent Present 


Common Not present 


20% 30% 


Often re- 
lated to 
lung 
disease 


Often related 
to lung 
disease 


Vol. 21, May, 1960 


x \ 4 PAU 
Age 60-80 
inent 
tion 
Absent 
Unon- 
mon 
Rare 
| 
| 


PNEUMOCONIOSIS—MORPHOGENESIS 


fined to traditional interpretations within 
the framework of a silicosis classification. 


The coal beds in Southern Illinois are 
of the Pennsylvanian system, with the posi- 
tion of the coal usually between glacial drift 
and limestone, varying between 400 to 1,200 
ft. underground, of a bituminous character, 
and of a relatively low rank.’® As for the 
element silica, the adventitial component of 
coal which contributes the silicate contam- 
inants within the lung, it is derived from 
the seams layering or enclosing the coal 
strata or from the nonconsumable silicate 
component intrinsic within the mined coal. 
In workers at the coal face, particularly 
at the lower depths of Southern Illinois 
coal fields, such as Carbondale and Mc- 
Leansboro areas, the anatomical type of 
pneumoconiosis in many ways simulated 
the pattern observed in South Wales coal 
workers. Except for track-sanders, the con- 
tribution of silicotic fibrosis was extremely 
limited or absent, unlike that observed in 
the coal fields of Alabama, where the in- 
fluence of silica was originally overlooked.” 
Morphological assessment of the coal mac- 
ules, revealed a stellate nodule, heavily 
charged with coal but free of the redundancy 
of concentric scar tissue, which marks the 
reaction to free silica (Figs. 9 and 10). The 
extremely low percentage of “reactive” 
silica and total silica recovered from these 
lungs further supported the histologic evi- 
dence that silica was not of etiologic signif- 
icance in the formation of the coal macules. 
From the chemical analysis, the extremely 
low percentage of silica determined as 
“chemically reactive” free silica was com- 
parable to the low magnitudes reported in 
lung analyses from other soft coal mining 
areas.* Furthermore, in a series of general- 
ized silicoses studied by whole-lung parch- 
ment, emphysema was an infrequent finding 
and if present was of the panlobular pattern 
due to strictural endobronchial silicosis.'° 


Heppleston, examining the lungs of coal 
workers from the South Wales coal fields 
with serial histologic sections, established 
the relationship between coal trapped in and 
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around the respiratory bronchiolar walls 
and the coexistence of focal (centrilobular) 
emphysema. It was his contention that the 
mural stiffening and splinting of the respira- 
tory bronchiole by carbonaceous pigment 
produced terminal bronchiolectasia. This ab- 
normal bronchiolar patency increased the 
anatomical dead space, and, with paren- 
chymal extension, an increase in residual 
lung volume and concomitant shortness of 
breath developed.? 

This postulate holds well for some of the 
cases of coal workers’ focal emphysema. 
But in some of the instances of workers 
from Southern Illinois coal fields the ex- 
tension of the emphysematous state far be- 
yond its original central lobular site of 
development was observed, e.g., Cases V 
and VI. To attribute these cases of emphy- 
sema in Southern Illinois coal workers 
solely to the mechanical action of coal at 
the bronchiolar level overlooks other factors 
which interfere with ventilatory air circula- 
tion. In these cases in which the emphysema 
is of far greater extent than the focal coal 
nodule, the anatomical progression of the 
emphysema may be due to the fact that the 
stiffened dilated bronchiole mechanically 
compressed or obstructed surrounding pri- 
mary air lobular tissue, as Reid has sug- 
gested?” thus interfering with the return 
air flow from adjuvant respiratory passages. 
The primary causative factor is the direct 
influence of coal upon the structure and 
function of the respiratory bronchiole, but 
the severity of emphysema is related to lo- 
calized aerotraumatic effects. 

Cases V and VI are of interest for rea- 
sons other than offering an informative 
transition between industrial and nonindus- 
trial emphysema. In Case V, the retention 
of certain features of coal workers’ pneu- 
moconiosis for 40 years after a limited dust 
exposure raises several questions as to intra- 
pulmonary dust movement and cleansing 
mechanisms of the lung. The persistency 
of these coal macules with the progressive 
development of focal emphysema might im- 
ply lack of dust mobilization and suppressed 
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lung drainage, leaving the dust in a static 
phase, with the emphysema being the dy- 
namic process. That dust can remain in a 
static phase has been demonstrated with 
another industrial dust, Tuller’s earth. 
Workers in this dust inhaled the agent, 
which remained trapped in the lung despite 
clearance for periods up to 50 years.?! 

A different explanation for the persist- 
ence of the small coal macule in a large 
emphysema focus is that after a massive 
exposure to carbonaceous material for five 
years, a slow desooting of the lung oc- 
curs.** This concept of dust movement 
and continuous lung clearance is strength- 
ened by the pathologic finding in several 
retired, aged coal miners that the lungs 
were completely encased in a_ coal-black 
pleural “skin,” and macrosections revealed 
prominent generalized centrilobular airpools 


and shrunken coal macules at these sites. 


Furthermore, in advanced cases of emphy- 


sema, the lack of pigmentation in the bullous 
fields (lung albinism) infers a continuing 
disposal of dust despite the absence of bron- 
chial infection.24 The freedom of many of 
these desooted areas from the occupational 
lesion, the coal nodule, supported the thesis 
that the bullous fields represented the im- 
press of a different 


form of anatomical 


emphysema. 


Conclusions 

The macrosection technique applied to the 
lung offers a semiquantitative method of 
assessing the severity and extent of struc- 
tural lesions, as well as associated adaptive 
responses; in other words, an objective 
evaluation of morphological disability. 

The demonstration of multiple coal mac- 
ules by whole-lung macrosections is an 
extremely valuable pathologic lesion indi- 
cating an occupational exposure to car- 
bonaceous material. Exposure to coal in 
Southern Illinois coal fields is capable of 
producing a coal macule-emphysema_ pneu- 
moconiosis akin to that observed in South 
Wales, but in this study, the incidence and 
anatomical extent of the generalized dust 
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lesion appeared to be reduced in frequency 
and severity. 

The reactive response of emphysema in 
the older workers, probably initiated by 
bronchiolar dilatation, often outstrips the 
amount of coaly deposits in the lung, sug- 
gesting that other factors may be responsi- 
ble for the progress and development of 
emphysema into a form. with bullous fields 
and large expanses of “pathological dead 
space.” 

Desooting of the lung may occur after 
exposure to coal has stopped and leaves a 
structural pattern of deranged lung as an 
aftermath, which may sometimes be difficult 
to relate to an occupational hazard. 

Jecause of the varying mineralogical 
strata in coal fields throughout the United 
States, an analysis of coal workers’ lungs 
from these different coal fields utilizing the 
macromap technique is important. The 
whole-lung parchment presents a superior 
method of 
with clinical findings and is a reliable and 


correlating pathological lesions 


permanent medicolegal “document” offering 
orientation of physical and chemical find- 
ings on the anatomic stratum. 


Department of Pathology, St. Louis University 
School of Medicine. 
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News and Comment 


ANNOUNCEMENTS 


Annual Western Industrial Health Conference—On Oct. 7, 8, and 9, 1960, the 
Annual Western Industrial Health Conference will be held at the Jack Tar Hotel on Van Ness 
and Geary Avenues, San Francisco. This conference is an annual gathering of Western In- 
dustrial Medical Association, Western Industrial Nurses Association, American Industrial 
Hygiene Association, American Society of Safety Engineers, and American Conference of 


Government Industrial Hygienists. 
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Effects of Ultramicroscopic Gamma-Aluminum Oxide 
on Rats and Mice 


W. KLOSTERKOTTER, M.D., Minster, Germany 


The smelter smoke emitted in the electro- 
chemical production of corundum from 
bauxite contains y-AlgOs; as well as amor- 
phous silica.4* It is well known that after 
World War II in Germany and Canada 
there were a number of serious cases of 
pulmonary disease, some fatal, from corun- 
dum smelting ** as well as among men 
engaged in the electrochemical production 
of aluminum alloys.® These illnesses occur- 
red only in men working near electric fur- 
naces where exposures to heavy emissions 
of thick white fumes resulted. Studies in 
four plants in Canada showed that these 
fumes consisted of spherical particles of 
0.02u-0.54 in size. Chemical analyses indi- 
cated that they consisted of 40%-62.5% 
AlsOg and 29.9%-44% SiOs. X-ray and 
electron-diffraction diagrams showed the 
SiOz to be amorphous and the AlgO; partly 
amorphous and partly crystalline (a-Al,O3; 
and y-AlsO3). Gartner* found the fly ash 
from a German corundum works to contain, 
in addition to corundum and amorphous 
SiOz, mainly mullite, but he did not find 
y-Al2O3. From the lungs of autopsied work- 
ers dusts were recovered of similar com- 
position (20%-30% SiOe, 28%-40% AlsOs, 
a- and y-AlgOs indicated by x-ray diffrac- 
tion). 

In discussing the possible harmful com- 
ponents of the fumes responsible for the 
lung changes,. such as diffuse fibrosis and 
hyaline changes in the alveolar septa, it was 
pointed out that y-Al,Os;—to some ex- 
tent soluble in body fluids—can initiate 
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such reaction. Gartner,‘ recalling Jotten and 
Kickhoff’s 1! animal experiments with sil- 
limanite, assumed the alumina silicate mullite 
to be responsible for the pathologic changes. 
All authors believe that amorphous silica 
is a possible or probable contributing cause 
of the lung changes. Watjen and others *5.** 
maintain that in Germany this condition 
should belong to the compensable occupa- 
tional diseases of the lungs “caused by 
Alumina and its compounds.” On the other 
hand, Giartner* thinks today amorphous 
silica to be the principal injurious agent 
and mullite to be a contributing factor. 

So far neither analysis of the industrial 
hygienic circumstances nor the pathological- 
anatomical findings nor the dust analyses 
have definitely clarified the problem. The 
same is true of the animal experiments. 
McFarland and Hornstein’ reported a 
chronic interstitial reaction in rats 
guinea pigs from fumes coming from baux- 
ite smelting, After intratracheal injection of 
such fumes (32% amorphous SiOe, 56% 
AloOxg, containing a- and Pratt 
found in guinea pigs, after 12 months, a 
definite diffuse fibrosis which developed 
rapidly 8 months after injection. King et 
al.48 also experimented with smelter fumes 
from a corundum furnace (65.7% AlsOs, 
30.3% amorphous SiOs, and y-AlsOs 
indicated by x-ray diffraction). After the 
intratracheal injection of rats they found at 
first a strong exudative reaction from which 
a number of animals died in the first weeks. 
After one year they noted star-shaped 
clusters of dust cells with moderate fibrosis. 
The intratracheal injection of y-AlIOOH 
(Boehmite, sp. surface 300 sq. m. per gram) 
of extremely small particle size caused a 
heavy nodular fibrosis in nine months. The 
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nodules were cell-free, the collagen fibers 
were closely packed but not laid down 
concentrically as in quartz silicosis. Gardner 
et al. found, after inhalation of the same 
dust for 14% months, only dust-cell ac- 
cumulations, with slight thickening of the 
neighboring alveolar septa through infiltra- 
tion of lymphoid cells. Jullien et al.% had 
guinea pigs inhale larger particles (up to 
5u) of this same kind of dust for 90 hours. 
They noted a proliferation of the alveolar 
and septal cells with degeneration of the 
phagocytes. Later intra-alveolar dust-cell 
granulomata developed and the authors 
claimed that y-AIOOH dust was injurious 
to the lungs. In animal experiments with 
mullite, Luchtrath and Schmidt found in 
rats no important tissue reaction apart from 
intra-alveolar dust-cell nodules with little 
fibrosis. They consider mullite to be almost 
inert. As mentioned above, based on his 
findings of lung dust of dead porcelain 
workers and corundum smelter men and as 
well as on Jotten and Eickhoff’s experiments 
with sillimanite (probably mullite!), Gart- 
ner* formerly thought mullite to be the 
principal injurious agent in the corundum 
furnace fumes. 

In view of these circumstances it was of 
special interest to perform animal experi- 
ments with ultramicroscopic dust of pure 
supplied by Degussa. These in- 
vestigations were an attempt to clarify the 
question whether exposure of workers 
to y-AlsOs can be expected to cause lung 
damage. They should also help to show 
whether the y-AlsO; portion of bauxite 
furnace fumes presents a lung hazard and 
whether it contributes essentially to the de- 
velopment of Shaver’s disease (Korund- 
schmelzerlunge ). 


Fig. 1—X-ray diagram of y-AlsOs. 
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Material, Methods, and 
Experimental Procedure 


(a) Material—The y-AlsOs used in these studies 
is made by the hydrolysis of aluminium chloride 
in the vapor phase. The process is similar in prin- 
cipal to the method used for manufacturing Aerosil. 
It is an ultramicroscopic fine white powder. The 
particles are roundish and possess a strong tend- 
ency to agglomerate. The average particle size, 
measured by electron microscope, lies between 
0.0054 and 0.044 (Fig. 16). The aggregates often 
measure several micra, and during dusting ag- 
glomerate masses can be formed as large as small 
snow flakes. The x-ray diagram shows the crystal 
structure of y-AlOs (Fig. 1). The specific sur- 
face according to the B-E-T method is 94.9 sq. m. 
per the manufacturer’s estimate is be- 
tween 95.0 and 105 sq. m. per gram. The chemical 
analysis, according to DEGUSSA, showed the 
following : 

AlOs over 95% 

FeOs less than 0.2% 

SiO. less than 0.1% 

Cl less than 0.5% 

Moisture 3.5% 

The solubility in distilled water is about l3yg. per 
milliliter per 24 hours, for which determination 1 
gm. of y-AlOs is agitated at room temperature 
for 24 hours in 100 ml. of distilled water. 

(b) Experimental Animals and Technique.— 
White mice and rats were selected as the experi- 
mental animals. With the mice and a small group 
of rats the peritoneal test was performed for pre- 
liminary information. A further group of rats 
was treated intratracheally with suspensions of 
AlsOs in sterile tap water. The main study was an 
inhalation test upon a large group of rats. Such 
tests have been made often and fully described by 
Jotten and his co-workers. In this method the 
test dust is agitated in glass tubes by compressed 
air and blown through tubes into a settling cham- 
ber; dust remaining suspended in the air stream 
is then led to the dust cabinets. 

It is very difficult to control and maintain con- 
stant dust concentration (particles per cubic centi- 
meter, milligrams per centimeter) with such ultra- 
microscopic dust. The difficulty lies mainly in the 
tendency of the individual particles to aggregate 
and coagulate. We abandoned a very elaborate 
electron-microscopic counting method and after a 
few tests gave up also a method of gravimetric 
control. Instead we obtained some degree of uni- 
formity of dosage by suspending 200 gm. of 
Al.Os five hours daily, in a 6 cu. m. dusting cabinet. 
The period of observation lasted 402 days with a 
maximum of 285 days of actual inhalation expo- 
sure. By this procedure the dust concentration 
varied but generally was so high that visibility 
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was greatly reduced and a few breaths caused 
bronchial irritation and persistent coughing among 
our co-workers. A workman would find it uncom- 
fortable to remain in such a dense dust cloud and 
would avoid it. 

The high dust exposure seemed necessary to us 
because of the expected high rate of elimination 
of such colloidal dust. Further, the formation of 
aggregates was such that only a portion of the dust 
could reach the lung passages, and we wished to 
get as much dust as possible into the lungs of the 
rats in the available test time. Bauxite-smelting 
fumes in Canadian plants were very dense, 122 
mg. per cubic meter being reported.’ 

(c) Histologic Technique—After gross exami- 
nation the interesting parts of the tissue of the 
dead or ether-killed animals were fixed in formalin. 
Sections approximately 6m thick were stained with 
hematoxylin and eosin, azan, and according to 
Gomori’s method; in some cases a Sudan fat stain 
was made. 

(d) Histologic Technique with Electron Micros- 
copy.—To study the ultramicroscopic morphology 
of the y-AlOs accumulations, electronmicroscopic- 
histologic preparations were made in some cases 
of peritoneal nodules and of dust-cell clusters in 
the lungs after intratracheal injections. After kill- 
ing the rats, 1-2 mm. pieces were, fixed in buffered 
osmic acid and, after embedding in methacrylate, 
were sectioned with a Leitz ultramicrotome equipped 
with a Moran diamond knife. 

(e) Chemical Method.—For control of the dust 
uptake during the inhalation study we determined 
the Al content of the lungs of 15 rats killed after 
various time intervals. For this study the dried 
lung was carefully ashed, then evaporated twice 
with 1:1 HCl, and boiled five minutes. After 
centrifuging and decanting into 250 ml. flasks the 
residue was washed twice with dilute HCl; then 
after adding 10 ml. of 5%-6% HsSO,, it was again 
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Fig. 2—AlOs phagocytes in an intra-alveolar 
macrophage focus, 100 days. Hematoxylin and 


boiled, cooled, and filled to the mark. The photo- 
metric determination on Al was made with the 
Zeiss-Elko III photometer according to the erio- 
chromcyanin method of F. Richter (Ztschr. Anal. 
Chem. 127 :113, 1944). 


Results 

A. The Peritoneal Test in Mice.—y- 
Al,Os, 10 mg. suspended in 0.5 ml. of tap 
water, was administered intraperitoneally to 
each of 30 mice weighing approximately 20 
gm. After a period of illness lasting three- 
four days, their behavior was normal. Six 
animals died within three months, and the 
others were killed in groups of 6 after 45, 
90, 125, and 150 days. 

Several fairly large nodules, up to 2 mm. 
in diameter, and many small ones, up to 
0.5 mm. in diameter, were noted on macro- 
scopical examination, After 150 days, only 
a few nodules were still visible. In five cases, 
adhesions as well as fibrosis, like sugar 
icing, on the spleen and liver capsules were 
observed in the upper abdomen. 

Microscopically the reaction picture var- 
ied in form and appearance: y-AlgO; had 
readily been phagocytosed; the histiocytic 
phagocytes were large and round; their 
plasma was basophilic, numerous granules 
of were always present. They 
appeared bluish gray with hematoxylin and 
eosin stain, blue-violet with azan stain, and 
black on silver impregnation (Fig. 2). By 
means of electronmicroscopic histology the 


Fig. 3.—Peritoneal test on mouse, 90 days. Loose 
dust-cell focus in the omentum, with sparse reticulin 
network. Gomori’s stain; X 125. 
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granules could be confirmed as compact dust 
agglomerates (Figs. 12-16). 

After 45 days, cellularly infiltrated sec- 
tions of the omentum, with histiocytes and 
round cells, as well as infiltration of hyaline 
masses, were visible in those areas where 
the cells were largely destroyed. In addition, 
there were small round and oval nodules 
consisting of dust-laden histiocytes and a 
network, often very dense, of broad collagen 
fibers and reticulin, the cells being sur- 
rounded by basket-like bundles. Next to 
these were noted some small clearly defined 
foci of dust cells with more or less dense 
reticulin network (Fig. 3). Then, there were 
large nodules full of cells and collagen, 
occasionally with extensive hyaline areas 
(Fig. 4). The central portions of others 
were characterized by a cell-free dust pulp 
laced and surrounded with collagen fibers. 
Sometimes actual atheromatous cysts with 


connective tissue capsule were found. For 
as long as 150 days, the changes did not 
progress any further; rather, a certain re- 
gressive tendency was observable, especially 


in smaller dust foci. However, the number 
of necrotic cells increased progressively as 
the experiment went on. The cellular infil- 
tration of the omental tissue also receded 
to give way occasionally to collagenous 
fibrosis of the omentum. 

B. Peritoneal Test in Rats.—y-AlsOz, 50 
mg. suspended in 1 ml. of tap water, was 
administered intraperitoneally to each of 12 

Fig. 4.—Peritoneal test in mouse, 45 days. Large 


omental dust nodule, with hyaline infiltration. 
Hematoxylin and eosin; x 125. 
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rats. Apart from slight pathological man- 
ifestations, the injections were well tol- 
erated. The animals were killed with ether 
after 60, 180, and 320 days. Macroscopically 
numerous coarse white nodules, up to 2 mm. 
in diameter, were seen in the omentum and 
hypogastrium, as well as on the liver and 
spleen capsule. The regional lymph glands 
were moderately enlarged. 

Microscopically, the picture of accumula- 
tion was the same as in the mice. After 
60 days the dust was often found in ather- 
omatous cysts, surrounded by a_ fibrous 
capsule, or in many-chambered cysts laced 
through with collagen bundles. Smaller 
nodules laden with cells and_ filled 
with a rather dense network of collagen and 
reticulin fibers. Large blue-gray granulated 
dust found in the mediastinal 
lymph glands, indicating lymphogenous re- 
moval from the abdominal cavity. After 180 
days the small nodules still contained cells, 


were 


cells were 


but there were numerous necroses and the 
nodules were laced with a network of pre- 
dominantly collagenous fibers (Fig. 5). 
Single cells were surrounded by collagenous 
fiber baskets. The concentric layering of 
fibers, typical of quartz granulomas, was 
not seen. There were numerous dust cells 
in the glands; these were mostly peripheral 
with slight local increase of reticulin. After 
320 days the picture was essentially un- 
altered. In the medium-sized nodules the 
collagen had further increased 
slightly. Only a very few of the smallest 
dust foci still remained. The center of the 
large nodules contained dust pulp, laced 
with and surrounded by wide collagen- 
hyaline bands. The cells in the area of the 
dense dust deposits and fibrosis had disinte- 


content 


grated. The lymph glands still contained a 
moderate number of dust cells; there was 
no increase of the fiber content. 

C. Intratracheal Test in Rats.—y-AlsOs, 
35 mg. suspended in 1 ml. of tap water, 
was injected into the lungs of each of 18 
rats via the trachea. After a severe initial 
reaction marked by cyanosis and dyspnea, 
the animals recovered within three days. (In 
a previous test with a dose of 50 mg. all 
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Fig. 5.—Peritoneal test in 
rat, 180 days. AlsOs nodule 
in the omentum with pre- 
dominantly collagenous fi- 
brosis (maximum reaction). 
Gomori’s stain; 125. 


animals died soon after the injection; this 
was probably due to obstruction of the 
bronchioles caused by dust agglomerates. ) 
One animal died after 100 days, the others 
were killed after 10, 150, 180, and 390 days. 
Macroscopically, in all cases, were seen 
whitish, glass-like foci up to 2 mm. in 
diameter below the pleura, with moderately 
enlarged mediastinal lymph glands. Micro- 
scopically there were noted dust deposits on 
the accumulation of large basophilic, blue- 
gray granulated phagocytes. After 10 days 
most of the dust had been taken up by 
alveolar phagocytes. Some compact dust de- 
posits still remained free but surrounded 
by histiocytes. There were small numbers 
of multinuclear giant cells filled with dust 


agglomerates. Also in the dust foci were 
some eosinophilic leukocytes. There were 
some perivascular collections of round cells. 
After 150 days the connective tissue of the 
alveolar walls in the area of the dust foci 
had thickened. Here and there loose areas 
of induration, varying in size and laced with 
cells, were visible. In the area of the foci 
there was occasional suggestion of perifocal 
emphysema, On the whole, however, fibro- 
sis was slight and, above all, not compact 
(Grade I and II of Belt and King '$). 
After 180 days, however, some dust-cell 
nodules were laced through with many wide 
collagenous-hyaline bands and with few 
reticulin fibers (Figs. 6, 7) (Grade IT to 
Minimum III of Belt and King). The 


Fig. 6.—Intratracheal test 
in rat, 180 days. Dust-cell 
nodule with much collag- 
enous-hyaline fibers. Hema- 
toxylin and eosin; XX 125 
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Fig. 7.—Intratracheal test 
in rat, 180 days, Large dust- 
cell nodules in the lung. Fi- 
brosis Grade II and III, 
according to Belt and King. 
Gomori’s stain; 60. 


greatest changes were found after 100 and 
180 days. As our experiments progressed, 
we found no further increase in tissue 
growth with progressive fibrosis to cell-free 
hyalinization, as in typical silicosis, but 
rather a definite retrogression. The lymph 
glands contained numerous dust cells, some 
of which partly disintegrated later. In the 
area of cell aggregation, a sparse reticulin 
network was found; however, this decreased 
in size and extent as the experiment pro- 
gressed. Thus, here too was a tendency to 
retrogression and no progressive fibrosis. 
D. Inhalation Test in Rats.—We carried 
out this test with 145 female white rats 
weighing from 180-200 gm. each. Of these 
15 were killed at various times for chemical 
analyses. The period of observation lasted 
a maximum of 402 days, the maximum 
number of inhalation days being 285. The 
dust uptake of the animals showed con- 
siderable individual variations. Within eight 


days we found an uptake of 1.6-3.8 mg. * 


Al,O; per lung and after 10 months, 20.3- 
36.5 mg. Unfortunately we could not follow 
the elimination of y-AlxO; because at the 
end of the experiment only a few animals 
remained. On studies of dust elimination 
from short exposures see below. 

Of the total number of animals used from 
the start of the investigations 107 died 
spontaneously, usually after showing obvi- 
ous illness, such as loss of appetite, weak- 
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ness, dyspnea, cyanosis, and bloody-serous 
exudate from the nose. Twenty-three ani- 
mals, without such illness, were killed with 
ether. 

Death Rate: Deaths varied during the 
first 13 months as follows: 
Month Ss 1 

8 5 


13 
Deaths 0 6 33 13 11 31 1 


2 


The following number of animals were 
killed : 

After 4 months 5 rats 

After 10 months 5 rats 

After 13 months 13 rats 
Death was generally caused by lung edema, 
subacute or chronic pneumonia, and costal 
pleurisy, which often produced extensive 


Fig. 8.—Inhalation test in rat, 372 days. Des- 
quamative catarrh, occasional thickening, and mild 
fibrosis of the lung structure. Azan; x 125. 
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adhesions and contraction of the lungs, 
usually on the right side. Lung abscesses, 
purulent bronchitis, suppurative bronchiec- 
tasis, and peribronchitis were also found. A 
local relationship between dust accumulation 
and inflammatory processes was not evident. 
We interrupted inhalation several times for 
short periods and noted an occasional de- 
cline in the number of deaths, but this was 
followed by another increase when expos- 
ures were resumed. 

As the exposures continued, aside from 
the changes caused by inflammation, there 
was macroscopic subpleural evidence of an 
increasing number of large white foci, 1 
mm. in diameter, always more prevalent in 
the upper than in the lower lobes. The 
mediastinal lymph glands were moderately 
enlarged. 

Increasing dust accumulation, recogniz- 
able because of the above-mentioned baso- 
philic blue-gray granulated phagocytes, was 
visible microscopically. In all cases, there 
was severe desquamation of the alveolar 
cells (desquamative catarrh), which often 
assumed considerable proportions (Fig. 8). 
As the experimental period extended, loose 
dust-cell foci appeared; these were sparsely 
laced with and surrounded by reticulin fi- 
bers and some collagen (Grade I, I-II, Belt 
and King). The foci were often located 
intra-alveolarly and later were found to have 
become increasingly perivascular and _peri- 
bronchiolar (Fig. 9). The stroma of the 


Fig. 9.—Inhalation test in rat, 402 days. Peri- 


vascular dust focus with slight fibrosis. Gomori’s 
stain; x 125. 
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alveolar walls and alveolar bronchioles often 
exhibited thickening of the connective tissue 
with mild collagenous fibrosis in the area 
of the dust accumulation. The alveoli bor- 
dering the dust-cell nodules were often en- 
larged, the alveolar walls in these areas were 
drawn out or had partially disappeared, 
perhaps comparable with a mild perifocal 
emphysema found in coal miner’s lungs. 
:mphysematous areas were also occasion- 
ally seen in the subpleural regions. In some 
animals, numerous round dust-cells were 
found intra-alveolarly perivascularly 
near atelectatic areas. This finding would 
seem to indicate that the bronchogenic lung 
clearance process was disturbed in the 
atelectatic areas, thus causing increased re- 
tention of the dust. The dust-cell nodules 
showed a moderate degree of fiber formation 
corresponding to Belt and King’s I-II 
classification. Fibroblasts were not demon- 
strable. In no cases were there any of the 
collagenous nodules typical of silicosis. 
Throughout the experiments fiber forma- 
tion showed no progressive characteristics, 
the dust nodules remained cellular without 
surplus proliferation. The same was true 
of the intrapulmonary and _ mediastinal 
lymph glands which contained numerous 
clusters of AlsO3-phagocytes as the experi- 
mental period became protracted (Fig. 10). 
The fiber content of these dust-cell foci 
remained slight, even when, after several 


Fig. 10.—Inhalation test in rat, 372 days. Nu- 
merous fine-granulated AlzOs phagocytes in medi- 
astinal lymph gland. Cells partly destroyed. Azan; 


X 500. 
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months, cellular disintegration became evi- 
dent. 

In many lungs, moreover—especially sub- 
pleural—the alveoli were filled with alveolar 
cells containing an abundance of cholesterol 
crystals. By Sudan staining the cells showed 
marked fat The walls 
showed increased cell content and slight or 
marked fibrosis (Fig. 11). This finding is 
not specific for y-AlgO3 accumulation; it is 
found also after heavy inhalations of other 
dusts, such as Aerosil and quartz, and is an 
indication of the decay of numerous alve- 
olar phagocytes.’ Gross et al.’® describe, 


content. alveolar 


for example, an “experimental endogenous 
lipoid pneumonia” after inhalation of finely 
divided antimony trioxide, giving much the 
same picture as we found with y-Al2O3. 

Clearly the presence of so much dust was 
not harmless to the bronchi. We found 
sometimes great increases in the mucus- 
producing cells (goblet cells) and very fre- 
quently evidence of purulent bronchitis and 
peribronchitis. 


Electron Microscopic-Histologic Findings 


As has already been mentioned in con- 
nection with the findings for the optical 
microscope, y-AlzO; is accumulated intra- 
cellularly in aggregates up to 1p in size and, 
indeed, in reticulum cells, histiocytes, and 


geneous, 
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brosis with hyaline infiltration. 


alveolar phagocytes. So far in plasma cells 
we have in no case found AlsOgs particles. 
The phagocytes, in general, contain numer- 
ous closely packed aggregates of this type. 
They are frequently distributed in oval or 
irregularly shaped vacuoles over the whole 
protoplasm (Fig. 12). The nucleus of the 
cell may thus be displaced to the very edge 
of the cell. In alveolar phagocytes the AlsOz 
aggregates are frequently found in electron- 
optically dense, roundish protoplasm bodies 
(Fig. 13). Coating and cementing by a 
electron-optically 
mass, such as is frequently found with in- 


_ Fig. 11.— Inhalation test in rat, 309 days. 
Subpleural focus with cholesterol crystals, nu- 
merous intra-alveolar cells and detritus, cellular 
thickening of the alveolar walls, and slight fi- 


Azan; X 1235. 


denser 


Fig. 12—Peritoneal test 
in the rat, 180 days. 
Phagocytes with closely 
packed aggregates of 
y-AlLOs particles, partly 
in vacuoles. Electron mi- 
croscopic enlargement, 
8,000; total enlarge- 
ment, 19,200. (Illustra- 
tion reduced about 32% 
from original size.) 
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Fig. 13.—Inhalation test 
in rat, 180 days. Alveolar 
phagocyte with closely 
packed Al.Os particles in 
opaque protoplasm bodies. 
Electron microscopic en- 
largement, > 8,800; total 
enlargement, 30,000. 
(Illustration reduced 
about 18% from original 
size. ) 


tracellular accumulation of submicron amor- 
phous silica dust ( Aerosil, quartz fumes ),”! 
has not been 
y-AlsOs aggregates. 


observed in the case of 

In addition to the numerous dust aggre- 
gates, there was frequently an abundance 
of fat droplets and vacuoles in the dust cells 
The 
mitochondria were in part normally formed, 
in part they were empty or transformed to 
lamellar shape. 


of omental nodules after one month. 


In the early experimental 
stages (15 days to 1 month) the dust ag- 
gregates were not so closely packed as later 
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(after 4-6 months). Also, the intravacuolar 
deposit could frequently not be discerned. 
After six months, in the peritoneal nodules 
there were many dust cells loaded to the 
maximum, which according to shape and 
fine structure of the nucleus and the proto- 
plasm particles, in part appeared to be “nor- 
mal.”” Others appeared to be shriveled; 


they exhibited a denser protoplasm and lay 
mainly between dense fiber bundles and 


fibroblasts. Many cells exhibit curious 
shapes and in the same section were darker 


than other phagocytes (Fig. 14). The ma- 


Fig. 14.—Peritoneal test 
in rat, 180 days. Wing- 
like phagocyte with 
opaque protoplasm and 
abundant AlOs; aggre- 
gates surrounded by cross 
and longitudinal sectioned 
fibrils. Electron micro- 
scopic enlargement, 
2,800; total 
ment, 8,400. 
tion 


enlarge- 

(Illustra- 
reduced about 33% 
from original size.) 
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jority of the cells in the interior of the dust 
foci were surrounded by fiber bundles 
(Figs. 14 and 15). With higher magnifica- 
tion it was possible to discern that the 
protoplasm and mitochondria structure in 
the immediate vicinity of the dust aggregate 
was frequently completely normal (Fig. 16). 
Histological technology with the electron 
microscope permits a deeper insight into the 
morphology of dust storage; however, it is 
not yet possible to reach any conclusions on 
the biological effect of dust. However, from 
our observations to date, which will be ex- 


Fig. 16.—Peritoneal test 
in rat, 180 days. AlLOs 
phagocyte on high en- 
largement. Protoplasm tic 
structures in the neigh- 
AlsOs 
to be 
Electron mi- 
croscopic enlargement, 
< 20,000; total enlarge- 
ment, * 62,000. (Illustra- 
reduced about 32% 


bourhood of the 
aggregates 
“normal.” 


seem 


non 
from original size.) 
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Fig. 15.—Peritoneal test 
in the rat, 180 days. 
Phagocytes -with closely 
packed Al,Os aggregates, 
surrounded by fibril bun- 
dles. The dust lies partly 
in large vacuoles. Elec- 
tron microscopic enlarge- 
ment, X 2,800; total 
enlargement, 7,560. (II- 
lustration reduced about 
33% from original size.) 


tended further in continuous investigations, 
it seems probable that the storage cells are 
damaged significantly less by y-AlgO3 of 
ultramicroscopic fineness than by submicron 
silica dusts, 


The Elimination of y-Al,O; 

The elimination of y-AlgO 3 after short- 
term inhalation has been investigated in the 
following manner : 

Forty female white rats of about 200 gm. 
weight inhaled y-Al,O, in high concentra- 
tion for five hours each day for four days. 


ULTRAMICROSCOPIC y-AlOs 
; 
P 
77/467 


A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Twenty-four hours after termination of the 
last inhalation 10 of the rats were killed 
for evaluation of the dust intake ( =initial 
value). On the basis of some earlier inves- 
tigations it may be assumed that the dust 
deposited in bronchi coated with ciliated 
epithelium is eliminated within 24 hours. 
The “initial value” after 24 hours thus in- 
dicates how much dust has been retained 
temporarily in the alveolar region. Further 
groups of animals were then killed after 
one, two, and three months. Lungs and 
mediastinal lymph glands were analyzed 
by the eriochrome-cyanine method for alu- 
minum. 

Figure 17, in the first column shows the 
AloOs initial value=100%, as the average 
for 10 animals. The other columns show 
the AloOs average value in per cent based 
on 5 to 10 lungs after one-three months. 
It is seen that with an average intake of 
1.59 mg. per lung the dust elimination oc- 
curs slowly. In the mediastinal lymph 
glands after one month we found 5yg.-6yg. 
and after three months, 12ug.-20ng. 
Thus, very little AlgO; was carried off by 
the lymph circulation. An experiment un- 
dertaken for with Degussa 
submicron amorphous silica dust (Aerosil) 
of the same particle size gave completely 
different relationships. For this dust, with 
an initial value of 0.859 mg. per lung, we 
found only about 10% in the lungs after 
three months. Aerosil has a considerable 
higher solubility rate than y-AleO3. The 
rapid elimination is thus probably attrib- 
utable in the first place to solubility proc- 
It is not, as we had _ previously 
‘submicron 


comparison 


esses. 
‘ 


assumed, a characteristic of 


dusts.” 


Comment on Experimental Results 


Ultramicroscopic y-AlsO3, with massive 
local accumulations in the tissue such as 
results from the peritoneal test, exhibits a 
cell-damaging effect and a strong tendency 
to form fibrous tissue. Large quantities of 
dust, with which the phagocytes cannot 
cope, are surrounded by fibrous tissue cap- 
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Fig. 17.—AlkOs elimination in the first three 
months after 4X5 hours inhalation on rats. Dust 
intake: 1.59 mg. per lung (average 24-hour value 
of 10 animals). (Illustration reduced about 11% 
from original size.) 


sules; atheromatous cysts form as known 
after Aerosil injection. Our peritoneal test 
findings agree to a large extent with the 
findings of Cohrs and Schulte ** on alumi- 
nium hydroxide granulomas in animals, 
which were injected with adsorbate vac- 
cines. Here also, there are hypertrophic 
basophilic macrophages which were assumed 
by Cohrs and Schulte to be pathognomonic 
for aluminum hydroxide granulomas; fur- 
ther, there are chambered granulomas with 
fibrous tissue capsules, giant cells with baso- 
philic protoplasm, and a structure of retic- 
ulin fibers which envelop almost all the cells. 
The regional glands are unchanged. How- 
ever, compared with these AlsO, substances 
shows increased fibrosing activity. 

The y-Al,Os is well phagocytosed and 
deposited intracellularly as dust agglomer- 
ates visible under the optical microscope. 
The exudative and proliferative irritation is 
considerably less than with SiOe dusts. If 
the local accumulation of dust is not too 
great, the cells clearly remain alive for a 
long time. This may be observed in partic- 
ular at the point of secondary deposition, 
in the regional lymph glands. The _his- 
tologic findings by electron microscope 
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indicate that y-AleO3 damages the cells sig- 
nificantly less than do fume particles from 
amorphous SiOz. 

In the intratracheal test there is also a 
sudden and unphysiologically strong local 
accumulation of dust; in the region of the 
dust accumulation there are seen macro- 
phage foci with diffuse moderate fibrosis, 
somewhat like a stromatic-sclerosis (Geriist- 
sklerose), as described by Jétten and Eick- 
hoff 11 in animal experiments with other 
alumina compounds. Some nodules have a 
higher content of broad collagenous-hyaline 
fibers between which the dust cells mostly 
had died. After a single intratracheal in- 
jection the tissue reaction does not, however, 
proceed up to cell-free collagenous-hyaline 
conversion, such as was observed in the 
case of experimental silicosis. In the later 
stages a certain regressive tendency is rec- 
ognized in most cases. 

In the inhalation test which was carried 
out at a higher dust concentration, a consid- 
erable mortality rate occurs at first as a 
result of inflammatory processes on the 
bronchi, lungs, and pleura. On the basis of 
the histological findings it seems probable 
that we are not here concerned with a spe- 
cific y-AlsO; effect but rather with an un- 
specified process resulting from overloading 
of the defensive system of the lungs by 
continuing supply of abundant dust particles 
with large active surfaces. The atmosphere 
of animal houses always contains bacteria, 
and it is entirely understandable that an 
excessive demand on the defensive func- 
tions favors the occurrence of lung infec- 
tions. At high dose rates of quartz or coal 
inhalation we have also had high mortality 
rates, which only subsided after sulfona- 
mides had been added regularly to the 
drinking water of the rats. In another 
inhalation series with smaller dust loading 
carried out for another purpose (one hour 
daily inhalation of y-AlsO,), fatal cases 
did not occur as a result of inflammatory 
processes. 

As a tissue reaction governed by the dust 
there was heavy desquamative catarrh with 
damage to the phagocytes and, increasing 
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with the duration of the experiment, macro- 
phage foci mainly intra-alveolarly but also 
perivascularly and peribronchially. After 
one year the fibrous tissue formation in the 
macrophage foci was also slight. In places 
there was indication of stromatic sclerosis 
and a perifocal emphysema. The lymph 
glands exhibited an intense collection of 
dust but no progressive fibrosis such as is 
typical with quartz. 


The Industrial Hygiene of 
y-Al.O, Exposures 


In appraising exposures of men to col- 
loidal y-AlsO3, the results of the animal 
peritoneal test cannot be applied without 
qualification. The injection of dust suspen- 
sions into animals results in too strong local 
accumulation, such as cannot occur even 
with high dose-rate inhalation by man. The 
same applies to some extent to the intra- 
tracheal test in which the dust distribution 
and local accumulation in the lungs is usu- 
ally different from that after inhalation. 
It is, however, possible to predict that a 
dust, which is stored without reaction after 
injection, will also be harmless to the lungs 
in the case of moderate dust dosage; a 
strong dust reaction after injection, how- 
ever, does not permit accurate prediction of 
the behavior of the lungs and dust under 
practical working conditions. This applies 
particularly in the case of colloidal dusts 
(Aerosil) and fumes (quartz fumes, AloOg 
fumes). In addition, the latter are inhaled 
in practice in statu nascendi, before the ex- 
tremely strong tendency to flocculate has 
been able fully to exert itself. This ten- 
dency rapidly converts a considerable pro- 
portion of concentrated fumes to clusters of 
particles which can no longer enter the 
lungs. 

Practical fume inhalation cannot be sim- 
ulated in laboratory inhalation experiments 
with coagulated fume particles, since the 
latter are already present for the greater 
part as aggregates. In the case of the 
y-AlgOx3 examined by us, there is, for tech- 
nological reasons, no question of danger to 
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the workers from the dust in statu nascendi. 
It is thus only necessary to answer the 
question of whether working with the fin- 
ished product presents a danger. 

We have carried out the inhalation test 
with heavy dust concentrations, such as a 
worker would spontaneously avoid on ac- 
count of unpleasant irritation in the air 
passages. Nevertheless, both the deposits in 
the animal lungs and the tissue rection in the 
region of the dust accumulation remained 
relatively small. The latter corresponded in 
the main to a foreign-body reaction without 
a progressive fibrosis and without advanc- 
ing tissue destruction. We have attributed 
the strong desquamative catarrah and sec- 
ondary inflammation processes on the bron- 
chi, lungs, and pleura which are very 
prominent in the case of most animals, as 
already mentioned above, to the high dust 
loading and excessive demand on the de- 
fensive system of the lungs. Since the 
possibility of such damage must also be 
reckoned with in the case of humans, high 
dust concentrations in working places, 
which are troublesome to the worker and 
give rise to irritation phenomena in the 
bronchi, must be avoided. In the case of 
unavoidable, short-term heavy dust evolu- 
tion, protection may be afforded by the 
wearing of dust-filter respirators. 

On the basis of our experimental results 
we consider concentrations of ultramicro- 
scopic y-AleO; which are not irritating to 
be relatively harmless to the lungs; a sub- 
stantial accumulation in the lungs will 
apparently be prevented by the natural 
elimination mechanisms, provided only small 
quantities of dust are inhaled. Furthermore 
the dust foci formed do not exhibit any 
considerable fibroplastic and tissue-destroy- 
ing tendency. This conclusion is confirmed 
by the findings at the place of the secondary 
deposit: the regional lymph glands, de- 
spite heavy dust accumulation, in no case 
exhibit marked cell proliferation, progres- 
sive tissue changes, and heavy fibrosis. 
Thus, of submicroscopic fineness 
does not act as a depot poison (Depotgift), 
such as we have formulated in the case of 
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quartz and as also applies, for example, in 
the case of beryllium oxide. As a limitation 
it must be said that experimental results 
with animals cannot always be applied im- 
mediately to humans. 

Our experimental results and their as- 
sessment refer only to  ultramicroscopic 
y-AlzOs, so we cannot express any views 
about the effect of the same substance hav- 
ing a particle size of about O0.lu to 4.0p. 
There is reason to assume that the defen- 
sive system of the lungs will be better able 
to deal with the finest dust particles 


(<0.05) than with larger ones which si- 
“foreign- 


multaneously exert a_ greater 
body” irritation. 

In conclusion, one must consider the pos- 
sibile significance of the y-AlzOs3 in bauxite- 
smelting fume, in the etiology of corundum 
smelter’s lung or of Shaver’s disease. On 
the basis of our experimental results we are 
inclined to the view that ultramicroscopic 
y-AlzOs is, in fact, only slightly pathogenic 
but that with continuous high-concentration 
intake lung fibrosis can occur. The obser- 
vations of Médder and Schmitt® indicate 
the harmful effect of AloO; fumes. They 
found three severe lung fibroses, one severe 
fibrosis and tuberculosis, one mild fibrosis, 
and eight cases of harmless lung dustiness 
among 36 workers in the resmelting section 
of works producing aluminium and silicon 
alloys. The furnaces were operated at a 
temperature of 1,200-1,300 C. The result- 
ing voluminous fumes could scarcely con- 
tain SiOes, since higher temperatures would 
be required for this. The workers, thus, 
apparently, had only inhaled AloO; fumes. 

In the case of mixed AlgO3-SiOs fumes 
from bauxite-smelting furnace, in agree- 
ment with Gartner, we attribute greater 
significance to the SiO. content. In the 
animal experiment amorphous SiOs fumes 
are significantly more dangerous than 
y-AlgO3. It has a strongly toxic effect on 
the cells, is proliferative and fibroplastic.?*** 
In the peritoneal test it is frequently pos- 
sible to find a diffuse “sugar-icing” fibrosis 
of the liver and the spleen capsules.* If 
one considers the fume concentrations of 
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7.5 to 122 mg. per cubic meter with 28% 
to 44% SiOz reported by Jephcott et al.,” 
the corundum smelters who became ill must 
have taken in considerable quantities of 
condensed amorphous silica. From the re- 
sults of the animal experiments, with suff- 
ciently long exposure, a high probability of 
severe lung damage was to be expected. 
Our own further animal experiments on 
this question with mixtures of y-AleO 3 and 
SiO. fume particles have not yet been 
concluded. It can, however, be said that 
the tissue reaction with a mixture of two 
parts SiOe and three parts of y-AleOs is 
stronger than is the effect of y-AlgO; and 
amorphous SiOz alone (150 days). 

One can only conjecture about the patho- 
genesis of diffuse fibrosis in corundum 
smelter’s lung, which takes place primarily 
in the alveolar stroma, whether by SiOz or 
Al,Ox including the y-modification. Among 
other points, the question must be raised 
of whether proteins or other body sub- 
stances (altered perhaps by SiOz or Al2O;) 
of the much desquamated and _ intra-alve- 


olarly destroyed alveolar phagocytes play 
a part. 


One must consider also immuno- 
logical questions, as has recently been done 
in the case of the formation 
fibrohyaline.** 


of silicotic 


Summary 


The tissue effect of 5-40 mp y-AleOs; dust 
has been investigated in experiments on 
mice and rats. In the case of massive local 
accumulations (peritoneal test on the rat 
and mouse) the y-AlsOg damages the cells 
and has a strongly fibroplastic effect. After 
intratracheal injection of 35 mg. in the 
case of rats the tissue reaction reaches the 
Il and III Degree, according to Belt and 
King. High dose rate and long duration of 
inhalation in the case of rats causes heavy 
desquamation of the alveolar cells and sec- 
ondary inflammation processes. Cell dam- 
age and fibrous tissue formation remain 
relatively small in the pulmonary dust foci 
(I and I-IIl Degree according to Belt and 
King). The regional lymph glands axhibit 
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no fibrosis in the case of heavier AlzO3 
accumulation. Progressive fibrosis with de- 
velopment of cell-free collagenous-hyaline 
nodules, such as is typical for quartz, was 
not observed in any case. Smaller inhala- 
tions of submicroscopic y-AlgOs may be 
considered to be relatively harmless; there 
is a definitely pathogenic effect at higher 
concentration. The causative role of 
y-AlpOs in the occurrence of corundum 
smelter’s lung can not be dismissed. How- 
ever, in animal experiments its effect is less 
fibroplastic and significantly less toxic than 
SiOz fumes. Thus, apparently, the greater 
significance attaches to amorphous SiOz. 
Staatsinstitut fur Staublungenforschung und 


Gewerbehygiene des Westfalischen Wilhelms Uni- 
versitat. 
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The mammalian heart is made up of vast 
numbers of interlaced muscular fibers. These 
fibers are composed of many cardiac muscle 
cells. In the normal resting state, there is 
an uneven distribution of certain cations 
across the cardiac-cell membrane. Potassium 
is concentrated within the heart cell. Sodium 
ions are found in much higher concentration 
in the intercellular fluid outside the cell mem- 
branes. The maintenance of such an ionic 
gradient requires the expenditure of energy. 

The unequal distribution of cations across 
the cell membrane produces a polarization of 
the cell. The inside of the cell is relatively 
negative with respect to the outside. Con- 
traction of heart muscle is initiated and im- 
mediately preceded by a change in the 
permeability of cell membranes to ions. As 
a result, sodium pours into the cell and 
potassium flows out. This process is called 
depolarization. In order to prepare for the 
next cardiac contraction, the “normal” ionic 
gradient must be reestablished. The sodium 
is “pumped” out, and the potassium recon- 
centrates within the cell. 

The ionic shifts across cell membranes 
during depolarization and repolarization of 
myocardial cells produce microelectrical cur- 
rents. With the use of electrodes applied 
to body surfaces, it is possible to record the 
manifest, or collective electrical forces pro- 
duced by the cells of the heart. These elec- 
trical currents are intimately related to and 
dependent upon the metabolic processes of 
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The Use of Sequential Electrocardiograms in 


Toxicological Investigations 


Recent 


the cells. 


advances! in electro- 
cardiographic research suggest that it is pos- 
sible to relate, with some limitations, the 
electrocardiogram (ECG) obtained from 
body-surface electrodes to the bioelectrical 
phenomenon occurring within a single cell. 
Alterations in the ECG are, therefore, re- 
lated to disturbances of cellular functions. 

Figure 1 illustrates a typical, normal elec- 
trocardiographic tracing obtained in man 
(Lead I). The P-wave is produced by 
depolarization of the auricles. The ORS 
complex of waves is a record of the de- 
polarization of both right and left ventricles. 
The 7-wave is generated during repolariza- 
tion of the ventricles. The intervals between 
these waves (P-Q and S-T) are isoelectric, 
since during these periods there is no flow 
of electrical current. The time duration of 
the waves and the intervals between them 
are important in the interpretation of ECG’s. 
If the electrical “vectors” produced by the 
heart are considered to have direction and 
magnitude in space, the various leads repre- 
sent different vantage points from which to 
view these processes. 

The interference with essential metabolic 
processes of cells may produce changes in 
the electrocardiogram. There may be altera- 


R 


Q's 


Fig. 1—A normal electrographic tracing of man 
(Lead 1). 
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Tasie 1—Range of Normal Values of Dog ECG’s 


Intervals, Sec. Amplitudes, Mm. 


Heart 

Rate PR QRS QT QRS 7 
80-100 0.11-0.12 0.04 0.24-0.28 23-28 2-4 
100-120 0.10-0.12 0.04 0.21-0.26 23-30 2-4 
120-140 0.10-0.12 0.03-0.04 0.20-0.24 21-32 2-4 
140-180 0.09-0.10 0.03-0.04 0.18-0.22 21-25 1-3 


tions in the normal sequence of electrical 
depolarization and repolarization of the 
heart. There may be changes in the quantity 
of electrical current recorded. The taking of 
sequential or serial electrocardiograms may 
provide additional information. The progres- 
sion of alterations with respect to time is a 
function of the absorption of an agent, its 
rate and extent of distribution, its physical 
state—ionic, protein bound, etc., and_ its 
effect upon heart cells—direct or indirect. 
Since the processes of depolarization and 
repolarization are intimately related to cell 
metabolism, it might be anticipated that 
chemical agents affecting the cardiac cell 


QRS VECTORS 


would produce rather nonspecific changes 
in the electrocardiogram. That is, a cer- 
tain type of electrocardiographic abnormality 
may be produced by a variety of toxic agents. 
While the ultimate changes recorded may 
be nonspecific, the time-sequence of these 
changes may provide information on the 
metabolism of the agent within the animal 
body. 

An efficient program for toxicological 
studies of chemical agents in experimental 
animals will maximize the quality and 
quantity of resultant data and minimize 
difficulty and cost of observations. The prob- 
lem of obtaining as much information as 
possible is especially critical in the short- 
term or acute animal toxicity studies. The 
recording of ECG’s in animals used for such 
studies is not a difficult or time-consuming 
procedure. This study was undertaken to 
examine the value and limitations of such 
recordings. 
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Fig. 2.—A, normal dog 
ECG; B, normal rat QRS VECTOR (Frontal) 
ECG; C, normal rabbit 
ECG; D, normal guinea 
pig ECG. 
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TaBLe 2.—Range of Normal Values of Rat ECG’s 


Heart rate 280-450/min. 

PR interval 0.035-0.054 sec. 

QRS interval 0.012-0.019 sec. 

QT interval 0.054-0.068 sec. 

QRS amplitude 3-6 mm. 

T amplitude 24 mm. 
Methods 


Animals utilized included male beagle dogs, 
weighing approximately 10 kg. each; white rats; 
rabbits, and albino guinea pigs. Adult animals of 
average weight of the last three species were used 
in the study. Dog ECG’s were recorded in animals 
anesthetized with intraperitoneal pentobarbital 
(Nembutal). Dogs were placed in a prone position 
on a dog table and electrodes applied to the limbs. 
Placement of electrodes was similar to that for 
human ECG recordings. The electrode site was 
prepared by prior shaving and application of 
electrode paste. 

The rabbit, rat, and guinea pig cardiograms were 
taken on unanesthetized animals. Rats and guinea 
pigs were restrained on a rubber pad in a supine 
position. Hypodermic needles (No. 26) were at- 
tached to the electrodes. These needles were in- 
serted subcutaneously into appropriate extremities 
of the animals. The same procedure was followed 
for rabbits, except that these animals were re- 
strained in a prone position. Subcutaneous needle 
electrodes were also used in rabbits. Control elec- 
trocardiograms were taken. The standard six limb 
leads used in clinical medicine were taken (I, I, 
II, aVR, aVL, and aVF). After intravenous or 
intraperitoneal administration of chemical agents, 
sequential electrocardiograms were taken at suit- 
able times. (In most instances, these intervals were 
1 minute, 10 minutes, 30 minutes, one, two, and 
four hours.) The tracings were then interpreted. 
Time intervals, mean OSR, and T vectors (frontal 
plain) were determined for a series of normals 
of each species. 

Dog ECG’s were recorded on a Sanborn single- 
channel direct-writing electrocardiograph machine. 
Paper speed was 25 mm. per second. Rabbit, rat, 
and guinea pig ECG’s were recorded on a two- 
channel Sanborn direct-writing electrocardiograph 


TaBLe 3.—Range of Normal Values of 
Rabbit ECG’s 


Heart rate 200-310/min. 

PR interval 0.045-0.077 sec, 
QRS interval 0.018-0.030 sec. 
QT interval 0.122-0.160 sec. 


QRS amplitude 4-8 mm. 
T amplitude 1-2.5 mm, 


machine with paper speeds of either 45 or 92 mm. 
per second. 


Results 


Normal ECG’s.—The summary of 40 con- 
trol electrocardiograms on normal beagle 
dogs is presented in Table 1 (Fig. 2A). It 
will be noted that the normal ranges have 
been defined according to the heart rate at 
the time of recording. 

The summary of control electrocardio- 
grams on 24 rats is presented in Table 2 
(Fig. 2B). Similar information on rabbits 
is given in Table 3 (Fig. 2C), and for 
guinea pigs, in Table 4 (Fig. 2D). 

The Effect of Rate and Position in the 
Dog.—The effect of marked changes in heart 
rate upon the anesthetized dog ECG is pre- 
sented in Figure 3. Record A was taken 
one minute prior to Record B. The stimulus 


TasL_e 4.—Range of Normal Values of 
_Guinea Pig ECG’s 


Heart rate 310-450/min. 
PR interval 0.044-0.068 sec. 
QRS interval 0.010-0.022 sec, 
QT interval 0.075-0.110 sec. 
QRS amplitude 5-12 mm. 

T amplitude 0.5-2.5 mm. 


applied was associated with drawing of a 
blood sample. The heart rate was 62 before 
and 130 after stimulation. Alteration in the 
position of the dog can produce the changes 
noted in Figure 4. 

The Effects of Cold —The injection of ice 
water onto the surface of the heart in an- 
esthetized guinea pigs produced the changes 
seen in Figure 5. The absence of such an 
effect on the T-wave is noted in B of Figure 
6, which is a typical tracing obtained from 
anesthetized rats receiving similar injections 
of ice water to the heart surface. 

The Effect of Cations on Dog and Guinea 
Pig Cardiograms.—Table 5 lists the concen- 
trations of various cations injected intra- 
venously into beagle dogs. With all but 
three of these, significant changes were 
found in the serial ECG’s. Figures 7 and 8 
are examples of the type of changes which 
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Fig. 4—The effects of 
alteration of body posi- 
tion on the dog ECG. 
A, dog on left side; B, 
dog on right side, 
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Fig. 3.—The effect of 
change of heart rate 
(vagal tone) on the dog 
ECG. A, rate= 62; 
rate = 130. 


Fig. 5.—Effect of ice 
water applied to the sur- 
face of the heart of anes- 
thetized guinea pigs. A, 
normal; B, after 1 ml 
of ice water. 
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TaBLe 5.—Quantity of Cations Infused 
Intravenously into Dogs 


Cation mEq/Kg. 
Mg** (acetate) 0.11 
Sb ** (chloride) 0.01 
Ca ** (chloride) 0.03 
Mn ** (chloride) 0.10 
Fe ** (chloride) 0.10 
Ca* (chloride) 0.8 
Lit (chloride) 1.0 
K+ (chloride) 1.0 
(NaVO,) 0.2 


may be seen following the injection of 
vanadium (as sodium metavanadate). Fol- 
lowing the injection of 0.2 mEq. of vana- 
dium (V*+*) per kilogram of body weight, 
there was an immediate increase in the 
amplitude of the T-waves. In approximately 
20 to 30 minutes, a depression of the ST- 
segments was observed. The direction of 
the mean manifest T-wave vector changed 
considerably, producing the inversions of T- 
waves noted in the tracings taken at two 
hours. These changes were observed in all 
dogs receiving vanadium. They persisted for 
12 to 24 hours and had completely returned 
to normal by 48 hours after injection. 

The Effect of Organic Chemicals on the 
Rat ECG.—The effect of several organic 
chemicals (acetone, butyl alcohol, tributy! 
phosphate, and others) on the rat ECG was 
studied. These and subsequent studies, in- 
cluding those on the effect of ice water on 
rat cardiograms, have led to the impression 


that the repolarization mechanism of the rat 
myocardial cells is such that no changes in 
T-waves have been noted after the admin- 
istration of any of these compounds of ice 
water to the heart surface. The sequential 
changes occurring after butyl alcohol in- 


traperitoneally to the rat are depicted in 
Figure 9. 


Comment 


For an analysis of serial changes in elec- 
trocardiograms to be meaningful, the basal 
or “normal” ECG of the experimental ani- 
mal should be relatively stable and not sub- 
ject to spontaneous changes. At the other 
extreme, it must be possible to produce 
changes in ECG sometime prior to death. 
The basal ECG must be stable but not im- 
mutable. 

There have been several studies of “nor- 
mal” dog electrocardiograms in the medical 
literature. Several authors ?* have reported 
upon the variability of dog electrocardio- 
grams. It would seem that these variations 
are related to several factors. Because of 
the absence of a functional mediastinum, the 
dog heart is anatomically more labile and 
subject to movement within the chest. The 
motion of the diaphragm in contact with the 
heart can also produce changes in the direc- 
tion of 7-wave vectors. Diaphragm contact 
varies between breeds and can be minimized 
in the supine position. The effect of heart 


Fig. 6.—Effect of ice 
water applied to the sur- 
face of the heart of the 
anesthetized rat. A, nor- 
mal; B, after application 
of ice water. 
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Fig. 8—Effect of vanadiftm upon the ECG of the dog. A, 1 hour after vanadium; B, 
48 hours after vanadium. 7 
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Fig. 9—Effect of in- 
traperitoneal butyl alco- 
hol on the ECG of the 
rat. A, control; B, 12 
minutes after injection of 
0.5 ml. butyl alcohol, 


rate (vagal tone) can produce rotation of 
the mean 7-wave vector as much as 150 
degrees. 

The dog electrocardiogram may be mark- 
edly influenced by changes in surface tem- 
perature of the dog heart. Cardiograms 
recorded from dogs with open-chest pro- 
cedures will, therefore, be not comparable to 
those in intact animals. A recent study * 
utilizing beagles and techniques similar to 
those used in this study reports essentially 
the same findings as observed here. When 
due precautions are taken with regard to 
positioning and consideration of heart rate, 
the interpretation of changes occurring in 
serial ECG’s in dogs seems feasible. 

The electrocardiogram of the rabbit would 
also seem sufficiently stable to permit the in- 
terpretation of serial changes. The ampli- 
tudes of complexes, interval durations, and 
T and ORS vectors show little variation in 
the series of normal animals studied. Other 
data have suggested that abnormalities in the 
rabbit ECG may be observed after experi- 
mental procedures.® 

A previous study ® on the electrocardio- 
grams of guinea pigs concluded that there 
was too 
animals to render this species useful for ex- 
perimental ECG studies. There have been 
no other studies to substantiate this. Ob- 
servations made on 40 “normal” guinea pigs 
suggest that, while there is variation between 
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animals, the variability from time to time of 
the ECG tracings of one animal is not 
significant. The changes observed in the 
tracings of a single animal would seem to 
have some degree of reliability. 

While the rat is an extremely useful ani- 
mal in most toxicity studies, it would seem 
to be unsuitable for the recording of ECG 
changes due to toxic agents. There is very 
little variation in normal rat electrocardio- 
grams. It was not possible to produce altera- 
tions in the T vector, i.e., the repolarization 
processes, with certain cations, drugs, or the 
application of ice water to the heart surface. 
It is of some interest that the time of re- 
polarization in single rat myocardial cells is 
less than half of that for other animals with 
similar heart rates. 7 The rapidity with which 
repolarization takes place in the rat myo- 
cardium may be a principal factor in its 
resistance to the changes produced in other 
animals. 

The effect of ice water applied to the heart 
upon repolarization processes has been dem- 
onstrated. The deep inversion of the T-wave 
has been observed in several species. 

A discussion of the mechanisms involved 
in the production of the observed alterations 
is not within the scope of this paper. It is 
probable that these changes are mediated by 
an alteration in the permeability of myo- 
cardial-cell membranes to ions. After the 
injection of cations which remain as hy- 
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drated ions within the blood and intercellular 
fluid, the changes produced in the electro- 
cardiogram may be rather rapid, i.e., potas- 
sium and calcium. The injection of a cation 
which will be bound by protein in the blood 
stream may cause no immediate changes in 
the ECG. Alterations may occur at a later 
time, however, when the cation has even- 
tually been transferred to the myocardial 
cells. The changes following cadmium in 
dogs and barium in rats are examples of this 
type of delayed change. 

Work on the recording of animal ECG’s 
after the administration of drugs has been 
done in Europe and the U.S.S.R. This re- 
port constitutes a preliminary investigation 
into its applicability and suggests that such 
an approach warrants further investigation. 


Summary 


On the basis of results obtained, it would 
seem possible to make the following conclu- 
sions: 

1. Rats would seem unsuitable for a study 
of sequential changes in the ECG after toxic 
agents because their electrocardiograms are 
“too stable.” 

2. Guinea pig ECG’s show considerable 
variability between animals, but the relative 
stability within a single animal should per- 
mit their use. 

3. Dogs and rabbits would seem to be the 
most suitable animal for this type of study. 
With dogs, some care must be taken in 
positioning the animal in order to reduce 


variability, especially of the ST-segments 
and 7-waves. 

4. The types of ECG responses after an 
injection of toxic material in animals are 
limited. Serial changes can provide some 
information as to the absorption, distribu- 
tion, and effect of agents on the heart. In 
addition to providing information on acute 
toxic effects, serial ECG’s would probably 
be of aid in chronic or subacute experiments, 
especially when dealing with a_ possible 
cardiotoxic agent. 

Medical Department, Texas Eastman Company, 
Longview, Texas. 
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Preventive Medicine 


Principles of Prevention in the Gesnssenes and Progression of 
Disease. Edit 


Herman E. Hilleboe, M.D., and Granville W. Larimore, M.D 
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BOOKS 


Health Statistics from the U.S. National Health Survey: Children and Youth, Selected 
Health Characteristics, United States, July, 1957-June, 1958. United States Depart- 
ment of Health, Education, and Welfare, Public Health Service. 


This publication presents selected statistics relating to acute conditions, persons injured, 
impairment, limitations of activity and mobility, disability days, hospital discharges, physician 
visits, and dental visits for persons under 25 years of age, by income group and by urban, 
rural nonfarm, and rural farm residence. This report consists of estimates based on house- 
hold interviews during July, 1957, to June, 1958, and is subject to the usual question of how 
representative the surveyed group is of the entire U.S. population. 


Highlights from the report reveal that acute illnesses are more frequent among children 
than adults, ranging from 4.0 conditions per year per child under 5 to 2 conditions in persons 
under 25 years of age. Home accidents were the chief cause of restricted activity in medical- 
attended injured children under 15 years of age. Urban children receive more physician and 
dental visits than nonfarm rural children and these latter more than farm rural children. 
As well, the children of families with incomes greater than $4,000 per year receive more 
physician-dentist visits than children of families with lower incomes. 


Epitor’s SUMMARY 


Photooxidation of Hydrocarbons in Mixtures Containing Oxides of Nitrogen and Sulfur 
Dioxide. By E. A. Schuck and G. J. Doyle. Price, not given. Pp. 104. Air Pollution 
Foundation, 2556 Mission St., San Marino, Calif., 1959. 


The following excerpts are taken verbatim from the foreword by W. L. Faith and the 
summary by the authors: 


“The present report presents data on the photochemical reaction between oxides of nitrogen 
and various pure hydrocarbons found in exhaust gases and between oxides of nitrogen and 
selected solvents.” 


“Olefins photooxidize at a more rapid rate than saturated hydrocarbons and therefore 
olefins are the major precursors to the reaction products. The rate of photooxidation of pure 
hydrocarbons in air was greatly enhanced by the presence of 1 ppm of nitric oxide, nitrogen 
dioxide, or alkyl nitrite.” 


“The major products of the photooxidation of olefins in the presence of an oxide of 
nitrogen corresponds to those obtained through attack at the double bond—that is, aldehydes.” 


“Two products of the photooxidations, formaldehyde and acrolein, were found to be the 
eye irritants and to account for all of the observed eye irritation found in the photooxidized 
systems studied. At the concentrations present in the photooxidized mixtures, epoxides, most 
aldehydes, ketones, nitrites, ketene, ozone, alkyl nitrates, and acyl nitrates were not eye 
irritants. Terminal olefins are of doubtful importance to the formation of eye irritants in 
spite of their rapid rates of reaction. Saturates do not contribute to eye irritation because 
the irritants formed therefrom photooxidize as fast as they form.” 


“Ozone concentrations are affected by the structure of the hydrocarbon undergoing photo- 
oxidation. An ozone concentration of from 0.5 to 1.0 ppm was found when olefins were 
photooxidized. Photooxidation of branched-chain saturates resulted in an ozone concentration 
of 0.5 ppm which is equal to that formed by many olefins. Thus, while the saturates are 
not important in the generation of eye irritants, they may be important in determining ozone 
levels, even though they form ozone more slowly than the olefins.” 


“The photooxidation of sulfur dioxide in air proceeds at an appreciable rate and results 
in the production of a sulfuric acid aerosol. The rate of this photooxidation and the production 
of aerosol are greatly increased in the presence of an olefin-oxide of nitrogen photooxidation. 
In the absence of sulfur dioxide, however, the olefin-oxide of nitrogen photooxidation does 
not lead to the formation of appreciable aerosol, except when the olefin is cyclohexene. 
Saturates photooxidized in the presence of both oxides of nitrogen and sulfur dioxide do 
not enhance aerosol formation.” 


In the foreword, Faith states, “Los-Angeles-type smog can be eliminated by drastic 
curtailment of atmospheric olefins.” 


Puitie DRINKER 
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Books 


Preventive Medicine: Principles of Prevention in the Occurrence and Progression of 

Disease. Edited by Herman E. Hilleboe, M.D., and Granville W. Larimore, M.D. 
Price, $12. Pp. 731. W. B. Saunders Company, 218 W. Washington Sq., Philadelphia 
5, 1959. 


This book boasts thirty-one contributors, the majority of whom are associated with the 
New York State Department of Health. It therefore reflects present policies and practices 
of a large and progressive state health department. The contributors are distinguished, the 
text authoritative and much better integrated than one would normally expect from = such 
a large group of authors. It will without doubt become a standard text. 

In the light of the differences of opinion that exist in this country at the present time 
as to the meaning of “preventive medicine” and particularly as to its role in medical educa- 
tion, it is inevitable that a book of this title will not satisfy everybody with respect to its 
contents or to their relative prominence. This volume naturally veers towards the “public 
health” rather than the “clinical” view of the subject, although it will nevertheless be of 
considerable value to medical students whose predominant exposure at the present time is 
to the clinical concepts. 


My particular criticism (and I recognize my own bias in this respect) relates to the 
predominant concern with practice and the relatively superficial treatment given to the knowl- 
edge (if any) underlying the practice. Although there is an excellent chapter on “Epidemio- 
logic Methods and Inferences,” the text as a whole appears deficient in data of an epidemiologic 


nature on frequency and etiology, particularly in relation to the noninfectious diseases. On 
the other hand, the distribution of general material between infectious and noninfectious 
diseases (approximately half and half) makes the volume more suitable for practitioners in 
this country than most of the competitive texts. 

It is surprising that in a volume of this title there should be practically no mention of 
our major health problem—mental disease—except for short sections on drug addiction. In- 
mates of mental institutions are mentioned only in the context of radiographic examinations 
for tuberculosis. This lack presumably reflects the unfortunate split between health and mental 
health still existing in many state governmental agencies and can be justified only by the fact 
that, as already noted, this book is written by and predominantly for a state health department. 


Brian MacManon, M.D. 


Proceedings of First National Seminar on Occupational Health, January 13-18, 1959, 
Lima, Peru. By the Institute of Occupational Health-Administration of Interna- 
tional Cooperation and the Office of Pan American Sanitation. Price, not given. 

Pp. 490, with 45 illustrations. Ministry of Public Health and Social Assistance, 

Lima, Peru, 1958. 


At the seven sessions of the First National Seminar on Occupational Health held in 
Lima, Peru, Jan. 13-18, 1958, a distinguished group of international experts presented a 
well-balanced program of 32 papers on all phases of occupational health. Papers by authors 
such as Dr. Frederick J. Vintner, Prof. Philip Drinker, D. O. A. Sander, Marion Trice, 
and R. Ochva should indicate to Americans the high caliber of papers presented and the 
influence of American industrial hygiene methods. 

The papers range from general survey papers on the function of the physician, engineer, 
sanitary engineer, and industrial nurse through programs for specific industries to reports 
on investigations of a varied group of occupational health hazards. 

The paper-bound book is well printed and well illustrated and because of its comprehensive 
nature should be a valuable text for Spanish-speaking public health students. Following the 
technical papers a number of resolutions were adopted which were intended to give purpose 
and direction to future occupational health activities. 

While not the most important resolution, the most intriguing was the suggestion that 
the mummies of pre-Spanish miners be examined for silicosis. 


W. M. Prerce 
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Health Statistics from the U.S. National Health Survey: Children and Youth, Selected 
Health Characteristics, United States, July, 1957-June, 1958. United States Depart- 
ment of Health, Education, and Welfare, Public Health Service. 


This publication presents selected statistics relating to acute conditions, persons injured, 
impairment, limitations of activity and mobility, disability days, hospital discharges, physician 
visits, and dental visits for persons under 25 years of age, by income group and by urban, 
rural nonfarm, and rural farm residence. This report consists of estimates based on house- 
hold interviews during July, 1957, to June, 1958, and is subject to the usual question of how 
representative the surveyed group is of the entire U.S. population. 


Highlights from the report reveal that acute illnesses are more frequent among children 
than adults, ranging from 4.0 conditions per year per child under 5 to 2 conditions in persons 
under 25 years of age. Home accidents were the chief cause of restricted activity in medical- 
attended injured children under 15 years of age. Urban children receive more physician and 
dental visits than nonfarm rural children and these latter more than farm rural children. 
As well, the children of families with incomes greater than $4,000 per year receive more 
physician-dentist visits than children of families with lower incomes. 


Eprtor’s SUMMARY 
Photooxidation of Hydrocarbons in Mixtures Containing Oxides of Nitrogen and Sulfur 


Dioxide. By E. A. Schuck and G. J. Doyle. Price, not given. Pp. 104. Air Pollution 
Foundation, 2556 Mission St., San Marino, Calif., 1959. 


The following excerpts are taken verbatim from the foreword by W. L. Faith and the 
summary by the authors: 


“The present report presents data on the photochemical reaction between oxides of nitrogen 
and various pure hydrocarbons found in exhaust gases and between oxides of nitrogen and 
selected solvents.” 


“Olefins photooxidize at a more rapid rate than saturated hydrocarbons and therefore 
olefins are the major precursors to the reaction products. The rate of photooxidation of pure 
hydrocarbons in air was greatly enhanced by the presence of 1 ppm of nitric oxide, nitrogen 
dioxide, or alkyl nitrite.” 


“The major products of the photooxidation of olefins in the presence of an oxide of 
nitrogen corresponds to those obtained through attack at the double bond—that is, aldehydes.” 


“Two products of the photooxidations, formaldehyde and acrolein, were found to be the 
eye irritants and to account for all of the observed eye irritation found in the photooxidized 
systems studied. At the concentrations present in the photooxidized mixtures, epoxides, most 
aldehydes, ketones, nitrites, ketene, ozone, alkyl nitrates, and acyl nitrates were not eye 
irritants. Terminal olefins are of doubtful importance to the formation of eye irritants in 
spite of their rapid rates of reaction. Saturates do not contribute to eye irritation because 
the irritants formed therefrom photooxidize as fast as they form.” 


“Ozone concentrations are affected by the structure of the hydrocarbon undergoing photo- 
oxidation. An ozone concentration of from 0.5 to 1.0 ppm was found when olefins were 
photooxidized. Photooxidation of branched-chain saturates resulted in an ozone concentration 
of 0.5 ppm which is equal to that formed by many olefins. Thus, while the saturates are 
not important in the generation of eye irritants, they may be important in determining ozone 
levels, even though they form ozone more slowly than the olefins.” 


“The photooxidation of sulfur dioxide in air proceeds at an appreciable rate and results 
in the production of a sulfuric acid aerosol. The rate of this photooxidation and the production 
of aerosol are greatly increased in the presence of an olefin-oxide of nitrogen photooxidation. 
In the absence of sulfur dioxide, however, the olefin-oxide of nitrogen photooxidation does 
not lead to the formation of appreciable aerosol, except when the olefin is cyclohexene. 
Saturates photooxidized in the presence of both oxides of nitrogen and sulfur dioxide do 
not enhance aerosol formation.” 


In the foreword, Faith states, “Los-Angeles-type smog can be eliminated by drastic 
curtailment of atmospheric olefins.” 
Putte DrinKER 
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Symposium on Particle Size Measurement. American Society for Testing Materials 
Special Technical Publication No. 234. Price, $6.25 (nonmembers), $5 (members). 
Pp. 301. American Society for Testing Materials, 1916 Race St., Philadelphia 3, 1959. 


This monograph includes seventeen papers on recent developments in particle sizing tech- 
niques; fifteen of these comprise the Boston, 1958 American Society for Testing Materials 
Symposium on Particle Size Measurements, and two were presented elsewhere and are 
review papers covering sizing by light microscopy by R. P. Loveland and scattering instru- 
mentation for sizing by O’Konski et al. ; 

K. T. Whitby presents a two-region theory of sieving in “The Mechanics of Fine Sieving.” 
In Region I many particles less than mesh size remain on the sieve, while in Region IT 
particles remaining that can pass the sieve are very nearly mesh size. An equation is presented 
relating major sieving variables to these regions. 

H. W. Daeschner et al. present results on the use of micromesh electroformed nickel 
sieves having precise square opening from l5y to 105u. As a result of ease of calibration 
(microscope), rapidity of procedure, and high degree of reproducibility, increased use of 
the technique is predicted. 

E. E. Bauer reports on “Recent Developments in the Hydrometer Method as Applied 
to Soils.” Closer manufacturing tolerances permitting instrument interchangeability, air dis- 
persal which produces less material degradation, and the availability of an effective depth 
value table contribute to greater testing facility and accuracy. 

W. F. Sullivan and A. E. Jacobsen review the theory underlying “Sedimentation Pro- 
cedures for Determining Particle Size Distribution.” Theory modifications are given for 
several techniques, as well as the corresponding experimental results for the entire subsieve 
range. 

K. T. Whitby et al. describe the “Centrifuge Sedimentation Size Analysis of Samples of 
Airborne Dusts Collected on Membrane Filters.” Fine-bore capillary tubes were used in an 
extension of a previously described technique developed by the author. In a companion paper, 
L. M. Cartwright and R. Q. Gregg present data for the same technique, which was used 
to size dusts, pigments, salts, and other materials. 

S. Berg evaluates the effects of particle diffusion, container walls, lapse time to reach 
constant sedimenting velocity, and peptization in the “Determination of Particle Size Distribu- 
tion by Examining Gravitational and Centrifugal Sedimentation According to the Pipet 
Method and with Divers.” 

There are no new principles in “A Photoelectric Sedimentation Method .. . in the Sub- 
sieve Range,” by H. R. Harner and J. R. Musgrave. In fact, the apparatus lacks a cell driven 
with a constant speed motor to accelerate the analysis. 

A. I. Michaels reviews the theories of turbidimetry, sedimentation and turbidimetric sedi- 
mentation of particles, and the sources of error inherent in each in “Turbidimetric Particle 
Size Distribution Theory.” 

The relatively new and promising principle of sizing by measuring variation in con- 
ductivity through an aperture (Coulter Principle) is examined and critically discussed by 
R. H. Berg, in “Electronic Size Analysis of Subsieve Particles by Flowing Through a 
Small Liquid Resistor.” 

“The Determination of Particle Size by Adsorption Methods,” by R. J. Fries, is a survey 
of the methods available for size and surface area determination by the adsorption of liquids 
and gases. 

Other papers in this excellent volume are “A Study of the Blaine Fineness Tester and 
a Determination of Surface Area from Air Permeability Data,” by S. S. Okev et al.; “A 
Discussion of A.S.T.M. Recommended Practice for Reporting Particle Size Characteristics 
of Pigments,” by J. H. Cabeck, and “The Stanford Research Institute Particle Bank,” by 
R. D. Cadle and W. Thuman. 


Morton Corn 


Clark’s Applied Pharmacology. Ninth edition. Edited by Andrew Wilson, M.D., Ph.D., 
F.R.F.P.S., and H. O. Schild, M.D., Ph.D., D.Sc. Price, $10. Pp. 750. Little, 
Brown and Company, 34 Beacon St., Boston 6, 1959. 

The first edition of Clark’s Applied Pharmacology appeared in 1923. Its widespread ac- 
ceptance is demonstrated by its many reprintings, revisions, and translations (even into 

Chinese!). Wilson and Schild retain the successful format of earlier editions. They present 
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their material in an extremely readable form and with a light touch characteristic of modern 
British authors. They maintain a good working balance throughout between basic pharma- 
cology, background information in physiology and medicine, and applied therapeutics. Drugs 
which differ in British nomenclature are identified by the equivalent U.S.P. or N.N.D. names 
and, not infrequently, by American trade names. The illustrations are well selected and do, in 
fact, “illustrate,” although unfortunately the reproductions made by the printer are not uni- 
formly clear. 

In an effort to keep the book to a student-usable size, the authors have restricted discussion 
on each class of drugs to the best-known representative members of that class, to a review of 
only the most characteristic actions of these drugs, and to therapeutic applications and side- 
effects most frequently encountered. Theories on the mechanism of action of drugs as well as 
chemical structure relationship studies are given only when these are sufficiently well developed 
to aid student understanding. It should be emphasized, however, that unlike some other recent 
attempts to restrict the size of textbooks, Wilson and Schild do not simply present a series of 
dogmatic but unsupportable statements, nor are they so brief (750 pages) that the main burden 
for developing the course material will necessarily rest upon the instructor. This book is 
particularly well adapted to short courses, such as those offered to students in dentistry and 
pharmacy, and it should probably receive careful consideration for use in medical schools. 
KennetH F. 


Proceedings of Lead Hygiene Conference, Chicago, November 6-7, 1958. Price, $3. 
Pp. 82. Lead Industries Association, 60 E. 42d St., New York 17, 1959. 

This booklet is a collection of the papers presented at the conference. Many of them are 
well illustrated with charts and graphs. In some cases, the Summary or the Conclusions are 
taken verbatim by the reviewer. 

Clinical Control of Health in the Storage-Battery Industry, by E. L. Belknap—The author 
draws on his 28 years’ experience and cites humorous cases which he has handled. Qualitative 
tests of stippled cells, hemoglobin, and urine porphyrin have proven effective in estimating Pb 
absorption. Quantitative tests by urinalyses and blood analyses are much more troublesome to 
organize and actually to do and are not recommended for the storage-battery industry. 

Belknap relies especially on frequent clinical examinations of the workers and the workplaces. 

Health Control in the Ceramic Industry, by R. W. Frank —Mr. Frank suggests that this 
practical evidence from industry indicates that MAC's should be varied with the Pb compounds 
as their toxicities vary. 

Hygienic Lead Standards, by H. H. Schrenk.—‘Lead values below 0.1 mg per liter of 
urine may be considered of little or no significance, values between 0.1 mg and 0.2 mg con- 
stitute an intermediate zone, and increasing values above 0.2 mg are evidence of hazardous lead 
exposure and the need for improved engineering control. 

Blood lead concentrations of the order of 0.01 mg to 0.06 mg are considered within the nor- 
mal range for persons with no industrial exposure to lead. Values between 0.06 mg and 0.08 
mg. may be considered a transition zone, and concentrations above 0.08 mg. are indicative of 
unsafe exposure and that control measures should be improved, even though no signs or symp- 
toms or clinical evidence of lead poisoning are present.” 

The Lead Content of Water from Red-Lead Painted Tanks, by H. B. Elkins —“A study has 
been made of the lead content of water from eleven standpipes painted with lead paint. Of 70 
samples of water, only three contained significant amounts of lead, and these were from tanks 
in stand-by service. Tests of the extraction of lead from panels coated with red lead oil paint 
indicate that no significant quantity of lead will be added to the average water supply by the 
paint if the average daily consumption approaches the capacity of the tank; and if a phenolic 
base paint with a red lead pigment is used, a substantially lower rate of turn-over is essential 
to keep the lead concentration below significant levels. 

All the evidence available indicates that only under extremely exceptional conditions, if at 
all, could the use of lead paint in standpipes for potable water be considered inadvisable from 
the standpoint of public health.” 

An Evaluation of Blood Lead Analyses, by D. H. Byers.—A description of survey study 
being made by U.S. Public Health Service, with discussion of relative merits of blood and 
urinalyses for Pb. 

Precautionary Labeling of Lead Products, by J. H. Foulger.—Precautionary labeling must 
present the brief essentials in simple honest words that are easily read and easily understood. 
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A. M. A. ARCHIVES OF INDUSTRIAL HEALTH 


Common Errors in the Diagnosis of Plumbism, by R. T. Johnstone—A very readable and 
amusing presentation followed by a lively discussion, emphasizing that very careful medical 
diagnosis is essential to prove lead intoxication in modern industrial medical practice. 

A Lawyer Looks at Lead, by T. C. Waters.—This contribution shows the incontestable fact 
that industrial lead poisoning is now understood and is very largely preventable and is lessening 
year by year. 

Effects of Season and Temperature on Childhood Plumbism, by A. M. Baetjer—The Balti- 
more City Health Department has shown by studies of 720 cases investigated between 1931- 
1958 that there is a marked seasonal distribution with the most cases occurring between May 
and October. This distribution was repeated yearly without exception. 

From experiments on mice and rats, it was noted that more Pb was excreted by animals 
living at 72 F than at 95. The urinary volumes and the Pb excreted were less at high tempera- 
tures than at low. 

“The exposure of the mice to the high temperature increased the mortality significantly, 
hastened the onset of deaths and accelerated the rate of dying. The effects were more marked 
when the lead was injected intravenously than when injected intraperitoneally. Since the same 
results were obtained with intravenous injections as with intraperitoneal injections, the in- 
creased susceptibility to lead at the high temperature cannot be attributed to a more rapid 
absorption of lead from the peritoneal cavity.” 

It is hoped that these studies will help explain the season incidence in lead poisoning in 
children. 

In discussing Baetjer’s paper, J. J. Chisholm showed, “that children may ingest lead through- 
out the winter without apparent illness, but that the advent of summer promptly precipitates 
acute encephalopathy.” In ending his discussion he remarked, “porphyrin metabolism is grossly 
deranged in lead intoxication.” 

J. H. Foulger pointed out some parallels in poisoning from solvents which also cause 
porphyrinuria. 

Huntington Williams (Health Commissioner of Baltimore) emphasized that Baltimore 
now has reliable statistics on 724 cases of lead poisoning in children, with 122 deaths. 

EDTA Therapy in Persons with Excessive Lead Absorption from Industrial Exposure, by 
L. H. Miller—Lee H. Miller points out that edathamil (EDTA) therapy unquestionably re- 
sults in increased Pb excretion in cases of poisoning, which makes one hope that period of 
disability from Pb poisoning will be reduced. Its use is best limited to acute cases. 

Lead Poisoning in Children and Its Therapy with EDTA, by H. D. Smith—Smith agreed 
that edathamil accelerates the removal of Pb from the body but still only removes a relatively 
small amount of the total. Since Pb poisoning of children is mainly the result of eating old 
Pb paint which may have flaked off from walls and ceiling, the disease certainly is preventable 
and therefore becomes a responsibility of the public health department. 

Progress Report on an Experimental Investigation of Factors Which Influence the Re- 
sponses of Human Subjects to Finely Divided Lead Compounds in the Atmosphere, by R. A. 
Kehoe.—By burning a small quantity of tetraethyl lead in a stream of propane gas, lead 
sesquioxide fume, of controllable particle size and concentration, was produced. The excretion 
of lead by the subjects breathing this fume differed in pattern from excretion of Pb taken 
daily by mouth—in the inhalation experiments exposures were five times a week. In feeding 
experiments Pb excretion continues to mount over the duration of the experiment even if it 
lasts five years. In the breathing experiments, five days a week, the excretory rate reached 
a plateau in six to eight months. Retention in the lung was 35% to 40% of 0.54 fume and 
about 40% to 50% for lw fume. 

Round-Table Discussion —In the general discussion of all the papers it was made clear 
that exposures which caused encephalitis in children were much heavier than any present-day 
industrial exposures which now are generally limited to breathing lead dust or fume. The 
cause of lead poisoning in children is almost entirely confined to the eating of lead paint. 
(Lead-painted toys and even lead-painted interiors are a rarity.) 

This discussion is spirited and is good reading but covers too wide a range of subjects for 
reviewing. 
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Three new M-S-A° Test Kits for measuring hazardous concentrations: 


CO Poisoning + Arsine Poisoning » UDMH* Rocket Engine Fuel 


M-S-A CO POISONING TEST KIT permits fast, accurate determination of percent carbon 
monoxide by sampling either alveolar air or blood. This kit is extremely valuable in accident 
cases where fast accurate diagnosis is essential. 


M-S-A ARSINE DETECTOR KIT detects toxic hazard of arsine gas. Arsine gas usually occurs 
in industry when acids act on arsenic-containing metals, or if acids which have been con- 
taminated with arsenic react with metals. 


M-S-A UDMH* DETECTOR protects workers from rocket fuel irritation. This instrument per- 
mits simple field-testing of the atmosphere for UDMH. It is based on a colorimetric reaction. 
*Unsymmetrical-Dimethyl Hydrazine 


Write for Descriptive Bulletins 
MINE SAFETY APPLIANCES COMPANY 


Pittsburgh 8, Pennsylvania 
MINE SAFETY APPLIANCES CO. OF CANADA, LIMITED ¢ Toronto 4, Ontario 
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HOUSE DUST ALLERGY 


by Karl D. Figley, 8 pages, 15 cents 


FOOD ALLERGY 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


ASTHMA AND HAY FEVER 


by Samuel M. Feinberg, M.D., 6 pages, 10 cents 


RAGWEED AND HAY FEVER 


by Oren C. Durham, 2 pages, 5 cents 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET @ CHICAGO 10 © ILLINOIS 
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AMA PUBLICATIONS ABOUT 
YOUR HEALTH 


Sleeplessness 


and what to do about it 


SLEEPLESSNESS AND WHAT TO DO 
ABOUT IT by Donald A. Laird, Ph.D. 
8 pages, 15 cents 


ROADS TO RELAXATION 
by Joseph L. Fetterman, M.D, 
4 pages, 10 cents 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St.. Chicaao 10, Illinois 
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Overweight not only detracts from personal appearance, 
it steals from a person’s chance for a long and healthy 
life. As a service to those advising about weight control, 
a moderate low-fat, well-balanced breakfast is presented 
here for your consideration. /ts fat content of 10.9 gm. 
provides 20 per cent of the total calories which makes it a 


A moderate 
low-fat 
well-balanced 
breakfast for 


a woman of 45 


moderate low-fat morning meal. For women in this age 
group and for most others, it provides about one-fourth 
of the recommended dietary allowances as shown in the 
chart below. This basic cereal and milk breakfast is 
well-balanced and nutritionally efficient as demonstrated 
by the lowa Breakfast Studies. 


Recommended Daily Dietary Allowances* and the Nutritional Contribution of a Basic Cereal 


and Milk Moderate Low-Fat Breakfast 


Menu: Orange Juice—4 oz.; 


Cereal, dry weight—1 oz.; 

Whole Milk—4 oz.; Sugar—I1 teaspoon; 
Toast (white, enriched)—2 slices ; 
Butter—5 gm. (about I teaspoon) ; 
Nonfat Milk—8 oz. 


Nutrients Calories Protein Calcium 


Vitamin 


Niacin Ascorbic 
lron A Thiamine 


Riboflavin equiv. Acid 


Totals supplied by 

Basic Breakfast 503 
Recommended Dietary 

Allowances— Women, 45 Years 

(58 kg.—128 Ib.) 2200 
Percentage Contributed 

by Basic Breakfast 22.9% 


20.9 gm. 


58 gm. 0.8 gm. 


36.0% 66.5% 


0.532 gm. 2.7 mg. 


12 mg. 
22.5% 


S588 1U. 046mg. 0.80 mg. 7.36 mg. 65.5 mg. 


5000 1.U. 


11.8% 


1.1 mg. 
41.8% 


1.5 mg. 
53.3% 


17 mg. 


43.3% 


70 mg. 


93.6% 


Cereal Institute. Inc.: Breakfast Source Book, 
Chicago: Cereal Institute, Inc., 1959. 

Food & Nutrition Bd.: Recommended Dietary Allowances, Revised 1958. 
Natl. Acad. Sci.—Natl. Research Council Publication 589, 1958. 

Watt, B. K., and Merrill, A. L.: Composition of Foods—Raw, 
Processed, Prepared. U.S.D.A, Agriculture Handbook No. 8, 1950. 


*The allowance levels are intended to cover individual variations 
among most normal persons as they live in the United States under 
usual environmental stresses. Calorie allowances apply to 
individuals usually engaged in moderate physical activity. For 
office workers or others in sedentary occupations they are excessive, 
Adjustments must be made for variations in body size, age, 
physical activity, and environmental temperature. 


CEREAL INSTITUTE, INC. 
135 South La Salle Street, Chicago 3 


A research and educational endeavor devoted to the betterment of national nutrition 
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FREQUENTLY INDICATED 
FOLLOWING ACCIDENTS 
PARAFLEX ot 


When accidents result in sprains or strains, 


spasm promptly. Effective in a wide variet rheumatic, arthritic and 
orthopedi disorders LRAFLES S pall improves mobilit nad 

faci rehab litation {| are rarely vere 
ACh tates Side elfects sel Ir are Tarery 


enouech tO require Ciscontinuation rapy. Average Dosage: lwo 


tablets t.i.d. upplied. Lablets, COred,, OFange. McNEIL | 


] { ] 7 
bottles of 50. Each tablet contains PARAFLI ¥, Z00 me 


McNEIL LABORATORIES, INC - PHILADELPHIA 32, PA. 
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